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ABSTRACT 
This i s  t h e  f i r s t  q u a r t e r l y  report  of JPL Contract  No. 952121 with 
t h e  General Electric Company Research and Development Center covering t h e  
design, c o n s t r u c t i o n  and t e s t i n g  of a breadboard model of tes t  equipment 
capable  of i n v e s t i g a t i n g  t h e  behavior of secondary Ag-Zn b a t t e r i e s  i n  t h e  
zero-g environment of an e a r t h  o r b i t .  Three types of test  a r e  t o  be per- 
formed au tomat i ca l ly  i n  sequence by t h e  equipment. 
This r e p o r t  covers t h e  b a s i c  experimental work c a r r i e d  out t o  d e f i n e  
t h e  test  procedures and equipment requirements f o r  two of these,  t oge the r  
with a d e s c r i p t i o n  of t h e  c o n t r o l  c i r c u i t s  t o  be used f o r  programming t h e  
tes t  sequence and recommendations covering a n  instrumentat ion t ape  recorder  
which i s  t o  be a p a r t  of the  breadboard u n i t .  
The experimental  work reported on includes t h e  r e s u l t s  obtained with 
a c u r r e n t  ramp generator  which is proposed a s  a convenient way of ob ta in ing  
p o l a r i z a t i o n  d a t a  on c e l l  e lectrodes,  and d a t a  obtained from tests of a 
commercial Ag-Zn b a t t e r y  which has been s e l e c t e d  a s  a r e p r e s e n t a t i v e  test  
specimen f o r  one of t h e  space experiments. 
A b a s i c  approach t o  t h e  con t ro l  and programming of t h e  experiments 
based on t h e  u s e  of a v a i l a b l e  d i g i t a l  i n t e g r a t e d  c i r c u i t s  i s  descr ibed.  
Also, r e s u l t s  are presented covering a survey of instrumentat ion t ape  r eco rde r s  
f o r  the a p p l i c a t i o n ,  and recommendations of  s p e c i f i c  instruments a r e  made. 
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SECTION I - INTRODUCTION 
As more p ro t r ac t ed  and complex space missions a r e  planned and executed, 
t he  design of e f f i c i e n t  and r e l i a b l e  energy s torage  systems becomes inc reas ing ly  
important. While much knowledge has  been acquired r e c e n t l y  as a r e s u l t  of 
i n t e n s i f i e d  r e sea rch  and development i n  the  a r e a  of rechargeable  b a t t e r i e s ,  
space use imposes s p e c i a l  environmental f a c t o r s  which a r e  not r e a d i l y  r e a l i z a b l e  
i n  normal l abora to ry  i n v e s t i g a t i o n s .  
i n  t e r r e s t r i a l  l a b o r a t o r i e s  is  the e f f e c t  of low o r  zero  g rav i ty .  
A p a r t i c u l a r l y  d i f f i c u l t  one t o  cope wi th  
However, recent  J e t  Propulsion Laboratory work on smooth z i n c  e l e c t r o d e s  
i n  a l k a l i n e  e l e c t r o l y t e s  has  shown t h a t  g r a v i t y  can have s i g n i f i c a n t  e f f e c t s  
on e l e c t r o d e  performance wi th  w i d e  v a r i a t i o n s  i n  the  e f f e c t  r e s u l t i n g  when the  
i n t e r n a l  geometry of the  ce l l  i s  changed. Ex t r apo la t ion  of these  r e s u l t s  a t  
one g r a v i t y  and higher t o  sub o r  zero g r a v i t y  cond i t ions  i s  reveal ing,  but 
u n c e r t a i n t i e s  i n  t h i s  procedure de t r ac t  from t h e  use fu lness  of such r e s u l t s .  
In  view of the s i g n i f i c a n c e  of the e f f e c t s  noted, i t  is  e s s e n t i a l  t h a t  more 
r e l i a b l e  and u s e f u l  information be acquired on low g e f f e c t s  by d i r e c t  measu- 
rement. 
i n t e r e s t  i n  conducting a reduced g r a v i t y  t e s t  program which is  the  subjec t  of 
Cont rac t  Number 952121 issued by Ca l i fo rn ia  I n s t i t u t e  of Technology, J e t  
Propuls ion  Laboratory t o  the  General E l e c t r i c  Company Research and Development 
Center. 
Recognition of t h i s  need has r e s u l t e d  i n  the  J e t  Propuls ion  Laboratory's  
Under t h i s  c o n t r a c t  s t a r t i n g  February 21, 1968, t he  Research and Development 
Center has  taken on the  r e s p o n s i b i l i t y  of designing, f ab r i ca t ing ,  and t e s t i n g  
a breadboard u n i t  of a t e s t  system which i s  t o  be capable of i n v e s t i g a t i n g  
t h e  behavior  of b a t t e r y  c e l l s  during f l i g h t  i n  a low o r  zero-g environment. 
The breadboard u n i t  i s  t o  be capable of conducting t h r e e  separa te  t e s t s  which 
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have been assigned t a s k  numbers which a r e  defined as follows: 
Task 1 - To measure the  l i m i t i n g  c u r r e n t  d e n s i t y  of a smooth, pure z i n c  
anode i n  the  region of 0 t o  lg, i n  an experiment designed t o  provide maximum 
c o r r e l a t i o n  wi th  data previous ly  obtained by JPL over a 1-20g range. 
Task 2 - To i n v e s t i g a t e  t h e  performance of b a t t e r y  e l e c t r o d e s  i n  a 
s p e c i a l  s i l v e r - z i n c  r e sea rch  cel l  as a func t ion  of bubble formation on the  
e l e c t r o d e  sur f  aces. 
Task 3 - To measure the  e l e c t r i c a l  c a p a c i t y  of a secondary s i l v e r - z i n c  
c e l l  as a func t ion  of charge-discharge cyc l ing  i n  a 0 t o  1 g environment as 
wel l  as t h e  l i m i t i n g  c u r r e n t  c a p a b i l i t y  ( p o l a r i z a t i o n  curve).  
During the  f i r s t  quar te r  of t h i s  cont rac t ,  e f f o r t  has been concentrated 
most ly  on Task 1 and Task 3. 
out i n  an e f f o r t  t o  b e t t e r  def ine these ind iv idua l  experiments and provide 
necessary  information f o r  the  design of adequate t e s t  c o n t r o l  and instrumen- 
t a t i o n  systems. Concerning Task 1, the p o s s i b i l i t y  has been i n v e s t i g a t e d  of 
employing a c u r r e n t  ramp loading c i r c u i t  which would increase  the  discharge 
c u r r e n t  from the ce l l  l i n e a r l y  wi th  time up t o  some l e v e l  a t  which a p r e s e t  
va lue  of p o l a r i z a t i o n  vo l t age  i s  observed. Sec t ion  1.0 of the  Technical 
Discuss ion  Sect ion of t h i s  repor t  d e t a i l s  the  i n i t i a l  r e s u l t s  obtained, and 
t h e  c i r c u i t s  used. Also covered a r e  the  i n i t i a l  r e s u l t s  obtained i n  a t t empt s  
t o  s imulate  zero g r a v i t y  cond i t ions  by o r i e n t i n g  t h e  test  c e l l  so t h a t  
convec t ion  i s  suppressed. 
Considerable experimental  work has been c a r r i e d  
E f f o r t  on Task 3 has been d i rec ted  a t  t h e  d e f i n i t i o n  of a t e s t i n g  sequence, 
s e l e c t i o n  or' a s u i t a b i e  commercial cell for testing, aiid design aiid d ~ ~ e l ~ p i i ~ ~ t  
of t h e  con t r a1  c i r c u i t r y  f o r  programing the  t e s t .  
a r e  r e p o r t e d  i n  Section2.0. Experimental Measurements covering a Yardney 
Resu l t s  obtained t o  da te  
2 
HFt5-DC-7A c e l l  which w a s  c y c l i c a l l y  charged and discharged 35% of i t s  ra ted  . 
5 ampere-haur capac i ty .  
Sec t ion  3.0 of t h i s  r e p o r t  covers t h e  r e s u l t s  of an i n i t i a l  s tudy of 
switching methods made i n  order  t o  permit  s e l e c t i o n  of t h e  b e s t  approach t o  
c o n t r o l l i n g  the  var ious  tests. Based on t h i s  s tudy t h e  se l ec t ed  approach 
f o r  programming Tasks 1 and 3 t e s t s  is presented i n  cons iderable  d e t a i l .  
Sec t ion  4.0 covers  a survey of instrumentat ion tape  r eco rde r s  s u i t a b l e  
f o r  a p p l i c a t i o n  t o  the  experiments i n  space, and commercial ins t rumenta t ion  
r eco rde r s  which have t h e  r e q u i s i t e  c h a r a c t e r i s t i c s  t o  provide a u s e f u l  
s u b s t i t u t e  f o r  t e s t s  of t h e  breadboard. Based on t h e  survey, recommendations 
a r e  made regarding t h e  b e s t  choice of recorder  f o r  t he  breadboard model. 
This r e p o r t  does not  include coverage of t h e  Task 2 experiments. Work 
done t o  d a t e  i s  regarded as too  prel iminary i n  na ture  i n  c o n t r a s t  t o  the  
Task 1 and 3 e f f o r t  where s i g n i f i c a n t  mi les tones  have been reached. 
our i n t e n t  t o  give d e t a i l e d  coverage of t he  Task 2 r e s u l t s  i n  the  next 
scheduled q u a r t e r l y  repor t .  
It is  
3 
SECTION II - TECHNICAL DISCUSSION 
1.0 Task 1 - P o l a r i z a t i o n  of a Smooth Zinc Anode 
1.1 Technical Discussion 
The o b j e c t i v e  of Task 1 can be i n t e r p r e t e d  a s  fol lows:  
The l i m i t i n g  c u r r e n t  d e n s i t y  of t h e  smooth pure zinc anode 
of a s i l v e r - z i n c  c e l l  is t o  be measured with the  zinc e l e c t r o d e  
pos i t i oned  i n  t h e  v e r t i c a l  and h o r i z o n t a l  d i r e c t i o n s .  
experiment s h a l l  be designed i n  such a way as t o  provide maximum 
c o r r e l a t i o n  d a t a  with d a t a  previously obtained by JPL and furnished 
as p a r t  of t h i s  con t r ac t .  
The 
The ch ie f  i n v e s t i g a t o r  of t h i s  JPL program was D r .  G. Myron Arcand, 
now a t  t h e  Idaho S t a t e  Universi ty ,  Chemistry Department. A t  va r ious  t i m e s  
du r ing  t h e  e a r l i e r  p a r t  of t h i s  con t r ac t  D r .  Arcand has k ind ly  suppl ied us 
with a d d i t i o n a l  information on t h e  JPL tes t  setup,  t e s t i n g  procedures and 
test  r e s u l t s  f o r  t h e  v e r t i c a l l y  posi t ioned z inc  e l e c t r o d e  and h i s  va luab le  
c o n t r i b u t i o n s  t o  t h e  program i s  hereby g r a t e f u l l y  acknowledged. Without 
t h i s  i t  would have been d i f f i c u l t  t o  provide t h e  "maximum c o r r e l a t i o n "  
s p e c i f i e d  i n  t h e  Statement of  Work. 
F i g u r e  1-1 gives a c ros s - sec t iona l  view of t h e  JPL-Arcand c e l l  i n  t h e  
v e r t i c a l  pos i t i on .  
on t h e  performance of t h e  smooth zinc-electrode. Only a small  p a r t  of t h e  
n e g a t i v e  z inc -e l ec t rode  (1 cm2) i s  exposed t o  the  KOH-electrolyte and t h e  
p o s i t i v e  AgO-counter-electrode through a square opening i n  t h e  mask. The 
z i n c  r e f e r e n c e  e l e c t r o d e  shown i n  Figure 1-1 makes it p o s s i b l e  t o  s tudy t h e  
p o l a r i z a t i o n  of t h e  z inc  e l e c t r o d e  sepa ra t e ly .  
It was used t o  measure t h e  e f f e c t  of g r a v i t y  (1 t o  20-g) 
This arrangement i s  very d i f f e r e n t  from the  one normally p r e v a i l i n g  
i n s i d e  a convent ional  s i l v e r - z i n c  c e l l  (e.g. t he  HR5-cell t o  be used f o r  
~ 
* JPL Space Program Summaries Vol. 5, 73-23, 73-26, and 73-30 (1966). 
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Task 3). Commercial z inc-electrodes a r e  u s u a l l y  of t h e  high po ros i ty  and 
high s u r f a c e  a rea  type whereas t h e  one used f o r  t h i s  t a s k  has no p o r o s i t y  
and i t s  t r u e  s u r f a c e  a rea  a t  t h e  t i m e  of p a s s i v a t i o n  i s  n o t  much l a r g e r  than 
1 cm2. Secondly, t h e  compact s t r u c t u r e  of a commercial s i l v e r - z i n c  c e l l  
leaves very l i t t l e  room f o r  n a t u r a l  convection t o  occur, whereas t h e  JPL- 
Arcand c e l l  i s  very s e n s i t i v e  t o  convection. 
i n f luence  t h e  funct ioning of a l k a l i n e  z inc  e l e c t r o d e s  because under t h e s e  
cond i t ions  t h e  ra te  of t h e  discharge process a t  t h e  s u r f a c e  of t h e  z inc  
e l ec t rode :  
Such d i f f e r e n c e s  g r e a t l y  
Zn + 20H- + 2KOH --j K2Zn(OH)4 + 2e- (1) 
i s  c o n t r o l l e d  by t h e  movement of the z i n c a t e  K2Zn(OH)4 dissolved i n  t h e  
e l e c t r o l y t e  from t h e  z i n c - e l e c t r o l y t e  i n t e r f a c e  by l i q u i d  d i f f u s i o n  o r  con- 
vec t ion .  Likewise t h e  g -e f f ec t s  measured on the  JPL-Arcand ce l l  may no t  be 
a p p l i c a b l e  t o  commercial cel ls .  
E a r l i e r ,  Eisenberg and coauthors* d id  measure simulated g r a v i t y  e f f e c t s  
on a s i m i l a r  s i l v e r - z i n c  e l e c t r o d e  arrangement as a func t ion  of f r e e  convec- 
t i on .  I n  t h i s  case, however, convection was not  impaired by a mask i n  f r o n t  
of t h e  z i n c  e l ec t rode .  These authors a l s o  measured d e n s i t i e s  of va r ious  
z i n c a t e  s o l u t i o n s  i n  30% KOH, a s e l e c t i o n  of which i s  given i n  Table 1-1. 
From t h i s  t a b l e  one can f i n d  t h e  increase i n  d e n s i t y  from 1.294 t o  1.336, 
i f  the z i n c a t e  i s  der ived from s o l i d  z inc oxide (ZnO). I f ,  on t h e  o t h e r  
hand, t h e  z i n c a t e  i n  s o l u t i o n  is derived from t h e  discharge of a z inc 
e l e c t r o d e  ( l i n e  3) t h e  d e n s i t y  of  the e l e c t r o l y t e  may inc rease  up t o  1.411. 
Returning now t o  F igu re  1-1, one can e a s i l y  see how t h e  discharging zinc 
e l e c t r o d e  w i l l  soon be  covered by a high d e n s i t y  l i q u i d  fi lm, which, i f  
* M. Eisenberg, H. F. Bauman, D. M. B re t tne r :  "Gravity F i e l d  E f f e c t s  on Zinc 
Anode Discharge i n  Alkal ine Media", J. Electrochem. SOC., 108, 909 (1961). 
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T a b l e  1-1 
Dens i t i e s  of 30% KOH Solu t ions  a t  25OC 
(M. Eisenberg, 1 .c .) 
3 p s / c m  
(1) N o  d i s so lved  z inca te  1.294 
(2) Saturated w i t h  ZnO 1.336 
(3) Anodic d i s s o l u t i o n  ilp t o  1.411 
v e r t i c a l l y  o r i en ted  i n  a g r a v i t a t i o n a l  f i e l d ,  w i l l  soon s l i d e  downward a s  
ind ica t ed ,  s e t t i n g  up f r e e  convection and r e tu rn ing  thereby f r e s h  unloaded 
e l e c t r o l y t e  t o  t h e  upper regions of t h e  z inc  e l ec t rode .  This i n  t u r n  
r e t a r d s  t h e  onse t  of pas s iva t ion  of the z inc  e l ec t rode .  I n  s p i t e  of s e v e r a l  
minor d i f f e r e n c e s  i n  experimental  parameters between t h e  Eisenberg and t h e  
JPL-Arcand test cel ls ,  t h e  same basic reasoning can be appl ied a l s o  t o  t h e  
l a t t e r .  I n  t h e  h o r i z o n t a l  z inc pos i t i on  with the  heavy z i n c a t e  l a y e r  a t  i t s  
lowest p o s s i b l e  l e v e l ,  f r e e  convection of t h e  e l e c t r o l y t e  does not normally 
occur, leading t o  e a r l i e r  passivat ion.  The absence of n a t u r a l  convection 
d e s p i t e  d e n s i t y  g rad ien t s  is typ ica l  a l s o  of a 0-g environment i n  any 
o r i e n t a t i o n .  Therefore, t h e  h o r i z o n t a l l y  o r i en ted  zinc e l e c t r o d e  a t  t h e  
bottom and a t  1-g can be looked upon, a t  l e a s t  q u a l i t a t i v e l y ,  a s  a "simula- 
t ion" of t h e  0-g environment. 
S ince  t h e  onse t  of passivat ion occurs  r a t h e r  suddenly i t  i s  necessary 
t o  approach t h e  l i m i t i n g  c u r r e n t  dens i ty  (LCD) cond i t ion  i n  small  incremental  
s t e p s ,  i f  reasonable accuracy is  desired.  Customarily these  small c u r r e n t  
s t e p s  have been kep t  constant  f o r  a d u r a t i o n  of one minute. 
i l l u s t r a t e s  such c u r r e n t  s t e p  sequences used by Eisenberg and Arcand f o r  
measuring LCD's, whi le  Table 1-2 summarizes some of t h e i r  r e s u l t s .  
Figure 1-2 
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Test 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
- Source 
E i s enberg* 
JPL- A rc and 
T a b l e  1-2 
Limiting Current Densit ies  (LCD) 
S equenc e 
(Figure 1-2) 
H1 
11 
H2 
11 
v2 
I 1  
v3 
Ramp Slope Equiv. 
Io t AI/At 
15mA 5.6mA 
Cmz + min cmz 
11 11 
59 + 18.5 
11 11 
59 + 6.5 
rl 11 
0 + 30 
‘d 
mA min 
cmd 
4 94 
524 
4 95 
5 30 
570 
736 
2,200 
2,235 
420 
LCDv er t 
cm2 
mA 
-- 
-- 
190 
190 
-- 
-- 
170 
170 
160 
* A l l  Eisenberg ramp slope equivalents were calculated, assuming 
the ce l l  surface area t o  b e  34.2 cm2. 
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t a b l e  the  column marked "Sequence" refers back t o  the  d i f f e r e n t  cu r ren t  
p r o f f l e s  given i n  Figure 1-2. 
next column, marked "Ramp Slope Equivalent", i n  terms of an i n i t i a l  c u r r e n t  
d e n s i t y  l e v e l  I Columns marked 
LCDhor and LCDvert l i s t  t h e  l i m i t i n g  c u r r e n t  d e n s i t y  values  obtained f o r  
t h e  h o r i z o n t a l  and v e r t i c a l  z inc  e l ec t rode  pos i t i ons .  
g ives  t h e  i n t e g r a l  of t h e  current- t ime curve; s i n c e  L t  measures t h e  discharge 
c a p a c i t y  o r  discharge depth of t h e  p a r t i c u l a r  t es t ,  equal C -values f o r  
h o r i z o n t a l  and v e r t i c a l  tes ts  would s t anda rd ize  t h e  degree of e t ch ing  of t he  
z inc  e l e c t r o d e s  and t h e  amounts of z i n c a t e  i n j e c t e d  i n t o  t h e  e l e c t r o l y t e .  
An ana lys i s  of t h e s e  p r o f i l e s  is  given i n  the  
and an average r a t e  of  change 1 e v e l A I l A t .  
0 
The column marked Cd 
d 
Unquestionably the  l i m i t i n g  cu r ren t  d e n s i t y  l e v e l s  obtained with t h e  
z inc  e l e c t r o d e s  i n  t h e  v e r t i c a l  pos i t i on  LCD (Tests Nos. 3, 4 ,  7, 8 and 
9) are  s u b s t a n t i a l l y  h ighe r  than those obtained i n  t h e  h o r i z o n t a l  p o s i t i o n s  
LCDhor (Tests Nos. 1, 2,  5 and 6),  a s  expected. 
breadboard programming i t  i s  important t o  no te  t h a t  t h i s  r a t i o  LCD 
i s  approximately 2. However, th is  r a t i o  may vary somewhat, depending on 
tes t  cond i t ions .  With t h e  exception of Tests 7 and 8 a l l  o t h e r  v e r t i c a l  and 
h o r i z o n t a l  tests have been performed a t  approximately the  same depth of 
d i s c h a r g e  l e v e l  Cd. 
(AI/At) - - i n i t i a l  va lue  (I ) combination f o r  t h e  v e r t i c a l  measurements. 
Without t h i s  adjustment t h e  Cd-values run much h ighe r  (Tests 7 and 8).  
high d i scha rge  depths seem t o  have a small  depressing e f f e c t  on t h e  LCDvert 
v a l u e s  as expected. Reproducible r e s u l t s  seem t o  be e a s i e r  t o  achieve i n  
t h e  v e r t i c a l  pos i t i on .  
formed under t h e  same experimental cond i t ions  of Tests 1-8. JPL-Arcand 
used a d i f f e r e n t  geometry, t he  KOH-concentration was high (40% i n s t ead  of 
30%) and t h e  e l e c t r o l y t e  was sa tu ra t ed  with z i n c a t e  p r i o r  t o  t e s t i n g .  
v e r t  
For t h e  purposes of our 
v e r t 'Lc Dh o r 
This has been achieved by inc reas ing  t h e  cu r ren t  s lope  
0 
Such 
It must be remembered t h a t  test  No. 9 was not per- 
10 
Electronic circuitry for the automated LCD-determinations just described 
can be simplified substantially, if a linear current-time relationship with 
I 
used by Eisenberg and JPL-Arcand. 
= 0 (see Rs, Figure 1-2) is substituted for the complicated step functions 
0 
Such a current ramp can be defined by a 
single parameter, the ramp slope R expressed in mA/min. The relationship 
between the discharge capacity C and R is also simplified: 
s' 
d S 
LCD' Cd = - 
2RS 
It is interesting to speculate how the various parameters: 
Vert ica 1 
(1-g) 
LCDl 
'd 1 
Horizontal 
(0 - g s imu la t ion) 
LCDO 
'do 
vary as a function of R . 
fast that natural convection has no time to develop. Therefore: 
At high Rs-values the LCD-level is reached so 
S 
LCD1ed LCDO (Rs = high) (3) 
Also all LCD-values should be relatively high because removal of zincate 
from the interface by diffusion is efficient. 
hand : 
At low R -values on the other 
S 
LCDl) LCDO (Rs = low) ( 4 )  
and a lower limit should be reached for both orientations below which 
passivation can no longer occur, regardless of the smallness of the ramp 
slGli5* m2-. E L g O L e  -- 1-3 i l lustrates  tk ies~  c o r r ~ l ~ t i i i i i s  ~ i i ~ l i t ~ t i ~ e l y .  Iii t h i s  
log - log  plot LCD's and Cd's are plotted as a function of Rs. Consider a 
low ramp slope first (arrow No, 1). The differentiation between the two 
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LCD's i s  OK but t h e  two C ' s  a r e  very unbalanced. 
No. 2 t h e  r eve r se  i s  t rue .  There i s  ha rd ly  any d i f f e r e n t i a t i o n  between 
L C D ' s  and t h e r e f o r e  an e x c e l l e n t  Cd-balance is  of no a v a i l .  
combining t h e  r e s u l t s  of ramp slope measurements Nos. 1 and 2 gives  s a t i s -  
f a c t o r y  d i f f e r e n t i o n  and balanced discharge depths. 
A t  t h e  high ramp s l o p e  d 
However, 
The same type of balance can be  achieved by varying I . A s  can be 
0 
seen from Table 1-2, t h i s  i s  how Eisenberg matched h i s  C -values.  d 
During our p r i v a t e  conversations with D r .  G. M. Arcand a t  t h e  Idaho 
S t a t e  Universi ty  a s u b s t a n t i a l  number of experimental  d e t a i l s  concerning 
t h e  JPL test  cel l  were revealed. The zinc used f o r  t h e  zinc e l ec t rodes  was 
99.999% pure zinc,  purchased from the E l e c t r o n i c  Space Products Corporation 
i n  Los Angeles. The thickness  of the p o l y c r y s t a l l i n e  z i n c  s h e e t s  was given 
as approximately one-half of a m i l l i m e t e r .  
d i s c s  are given a s h o r t  hydrochloric a c i d  e t c h  a f t e r  which they a r e  r in sed  
i n  d i s t i l l e d  water and pol ished on one s i d e  wi th  e i t h e r  emery c l o t h  o r  
jewelers rouge. 
c r i t i ca l  because, a t  t he  t i m e  pas s iva t ion  occurs,  d i scha rge  e t ch ing  of t h e  
z i n c  s u r f a c e  i s  a l r eady  q u i t e  pronounced. 
The 3.7 cent imeter  diameter z inc  
According t o  D r .  Arcand t h i s  p o l i s h i n g  s t e p  i s  not  very 
Each s u r f a c e  i s  used only once 
because a f t e r  a run t h e  p i t t i n g  of t h e  z inc  i s  too deep f o r  pol ishing.  
Delayed t e s t i n g  a f t e r  a c t i v a t i o n  may impair t h e  r e p r o d u c i b i l i t y  of t h e  
LCD va lues  measured. D r .  Arcand p re fe r s  t o  test  h i s  e l ec t rodes  w i t h i n  t h e  
f i r s t  10 hours a f t e r  a c t i v a t i o n .  
D r .  Arcand used unformed s i n t e r e d  s i l v e r  plaques, approximately 1 t o  
1.5 m i l l i m e t e r  t h i ck ,  which were obtained from Delco-Remy. These p l a t e s  
were charged a t  approximately 10 milliamps pe r  squa re  centimeter 
approximately 24 hours u n t i l  oxygen evo lu t ion  could be observed. 
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1.2 C e l l  Design and Construct ion 
Since one p a r t  of Task 1 includes t h e  r epea t ing  of D r .  Arcand's l i m i t i n g  
c u r r e n t  dens i ty  tests a t  1 G., a n  exact d u p l i c a t e  of h i s  test c e l l  was 
d e s i r e d ,  however no drawings of the test ce l l  were a v a i l a b l e .  D e t a i l s  of 
ce l l  cons t ruc t ion  and a f i g u r e  were a v a i l a b l e  i n  JPL Space Programs Summary 
37-23, Vol. I V ,  pp. 23, 24. From the f i g u r e  and t e x t ,  a design was developed 
which included t h e  fol lowing c r i t i c a l  dimensions and e l e c t r o d e  c h a r a c t e r i s t i c s :  
1. Area of anode: 1 c m  x 1 c m  ( a c t i v e )  
2. Distance from anode t o  reference 
e l ec t rode :  1 cm 
3. Distance from anode t o  cathode: 1.3 c m  
4. P u r i t y  of anode: 99.999% 
5 .  P u r i t y  of  r e fe rence  electrode:  99.9% 
The c e l l  conf igu ra t ion  i s  t h a t  p rev ious ly  shown i n  Figure 1-1. 
It was constructed of Plexiglas ,  held toge the r  by machine screws, and 
The r e fe rence  e l e c t r o d e  i s  held and posi t ioned s e a l e d  w i t h  neoprene gaskets.  
w i t h  a nylon screw which a l s o  serves  as a n  e l e c t r o l y t e  f i l l i n g  po r t .  
The i n t e r n a l  ce l l  volume i s  6 m l .  E l e c t r o l y t e  i s  45% KOH s a t u r a t e d  
w i t h  z inc  oxide. 
The anode ma te r i a l ,  0.020" t h i c k  Zn, 99.999% w a s  obtained from 
E l e c t r o n i c s  Space Products, Inc., Los Angeles. 
Anode p repa ra t ion  c o n s i s t s  of an e t c h  i n  0.01 N H C 1  followed by a 
d i s t i l l e d  water r i n s e  and pol ishing wi th  11600 emery paper. 
cemented t o  t h e  anode mask so that  a 1 c m  x 1 c m  s u r f a c e  i s  a c t i v e .  
The anode i s  then 
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The cathode is  c u t  from a cathode p l a t e  from a HR5-DC-7A Yardney 
S i l v e r c e l l .  
The r e fe rence  e l e c t r o d e ,  0.20" diameter Zn w i r e ,  99.9% is  cemented 
i n  t h e  nylon screw s o  t h a t  i t s  e n t i r e  l eng th  suspended i n  t h e  c e l l  i s  
a c t i v e .  
The tes t  c e l l  has been used approximately 35 t i m e s .  It i s  l e a k  t i g h t ,  
e a s i l y  assembled and disassembled. The r e fe rence  e l e c t r o d e  has been 
replaced twice due t o  a c c i d e n t a l  breakage during assembly. 
been recharged four  times, recharging being done whenever t h e  s u r f a c e  of 
t h e  cathode becomes brown i n  co lo r .  
The cathode has 
1 .3  Test Results 
The c e l l  has been t e s t e d  i n  two o r i e n t a t i o n s :  
a .  Gravity v e c t o r  p a r a l l e l  t o  anode f ace ,  ( v e r t i c a l  p o s i t i o n ) :  
1 G. t es t  
b. Gravity v e c t o r  perpendicular t o  anode f a c e  (ho r i zon ta l  p o s i t i o n ) :  
0 G .  s imu la t ion  t e s t  
Preliminary tests were made i n  o r i e n t a t i o n  ( a ) ,  ( v e r t i c a l  p o s i t i o n )  
under two cond i t ions  : 
1. Constant c u r r e n t  power supply f o r  c e l l  discharge c u r r e n t  
r egu la t ion .  
2 .  Variable  r e s i s t o r  ac ross  the  c e l l  f o r  c e l l  discharge cu r ren t  
r egu la  t i on. 
Resul ts  of t h e  f i r s t  t e s t  a r e  shown i n  Table 1-3.  
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Table 1-3 
Task 1 Test Cel l  Discharged With a Constant Current  Power Supply 
Test C e l l  Current: Anode t o  C e l l  
No. ma Ref. Vol t s  Vol t s  -- 
1 24 -0.068 +1.8 
34 -0.107 +l. 75 
42 -0.135 +l. 72 
50 -0.163 +1.69 
100 +3.40 -1.50 
Note: Each test point held 1 minute, approximately 
The anode and c e l l  vo l t age  inver ted  between 50 and 100 mill iamps. It 
was d i f f i c u l t  t o  reset t h e  power supply from tes t  po in t  t o  t e s t  po in t  
r a p i d l y  enough t o  a s su re  a given cu r ren t  dens i ty  being he ld  f o r  1 minute. 
The t e s t  was repeated using s m a l l e r  cu r ren t  increments above 50 ma. 
These r e s u l t s  a r e  shown i n  Table 1-4. 
Table 1-4 
Task 1 Test C e l l  Discharged With a Constant Current  Power Supply 
Test C e l l  Current Anode t o  C e l l  
No. ma Ref. Vol t s  Vol t s  
2 21 -0.030 1 .BO 
- 
34 -0.071 1.75 
42 -0.106 1.73 
50 -0.130 1.56 
60 -0.144 1.56 
70 -0.220 1.54 
80 -0.255 1.59 
90 -0.320 1.53 
100 +2.30 -1.58 
16 
Note: Each test p o i n t  was taken a s  quickly a s  poss ib l e .  
Again t h e  anode and t h e  cel l  inve r t ed  at-100 ma .  
I n  o rde r  t o  avoid anode and cell  inversion,  t h i s  approach was abandoned, 
and i n s t e a d  t h e  ce l l  was discharged through a v a r i a b l e  r e s i s t a n c e ,  
of t h i s  test  are shown i n  Table 1-5. 
Resu l t s  
Table 1-5 
Task 1 T e s t  C e l l  Discharned Through a Variable  Resis tance 
Test C e l l  Current Zn t o  Ref. C e l l  - No. ma Vol t s  Vo l t s  
3 0 -0.002 +1.85 
1 -0.013 +1.85 
5 -0.034 +1.85 
LO -0.057 +1.85 
25 -0.122 +l. 80 
50 -0.254 +l. 57 
60 -0.310 +l. 50 
70 -0.360 +1.44 
80 Passivated 
Note: Considerable d i f f i c u l t y  was experienced i n  
a t tempting t o  hold each po in t  f o r  1 minute. 
I n  an at tempt  t o  more accu ra t e ly  se t  t h e  load r e s i s t a n c e ,  a decade 
r e s i s t a n c e  box was used as a load r e s i s t o r  f o r  t h e  next  test  refinement. 
R e s u l t s  of t h i s  a re  shown i n  Table 1-6. 
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Table 1-6 
Task 1 T e s t  Cell Discharged Through a Variable  Resis tance (Decade Box) 
Test C e l l  Current Zn t o  Ref. C e l l  Load 
No. ma Volts Volts  Resis tance - 
4 0 0 1.85 8 
1.64 0.014 1.84 1110 
5 0.026 1.81 356 
10 0.043 1.79 174 
25 0.093 1 . 7 1  68 
50 0.178 1.61 30 
60 0.218 1.54 23 
100 0.400 1.35 1.5 
150 * 
* Before t h e  cu r ren t  could be ad jus t ed  t o  150 ma, t he  
anode reached i t s  l imi t ing  c u r r e n t  dens i ty .  
The high degree of unce r t a in ty  i n  determining l i m i t i n g  c u r r e n t  d e n s i t y  
by t h e s e  manual methods ind ica t ed  t h a t  tests would have to be r e p l i c a t e d  
many t i m e s  t o  g e t  a reasonably r e l i a b l e  number f o r  LCD. I n  o rde r  t o  c i r -  
cumvent t h i s  d i f f i c u l t y ,  considerat ion was given t o  t h e  use  of a c u r r e n t  
ramp inc reas ing  l i n e a r l y  with t i m e ,  It was f e l t  t h a t  such a method should 
o f f e r  b e t t e r  r e p e a t a b i l i t y .  However a quest ion a rose  concerning t h e  b e s t  
c h o i c e  of  c u r r e n t  ramp slope. 
D r .  G. Arcand had previously been contacted by phone on March 20, 
1968 i n  an e f f o r t  t o  g e t  more d e t a i l  regarding t h e  t e s t i n g  procedure he  had 
used i n  h i s  work a t  JPL. H e  had indicated t h a t  a step-wise c u r r e n t  i nc rease  
had been used a s  shown i n  Table 1 - 7  which w e  had attempted t o  follow, e.g. 
Table  1-6. 
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T a b l e  1-7 
Current S t e p s  Used I n  V e r t i c a l  Cell P o s i t i o n  
I n  D r .  Arcand's Tes ts  a t  JPL 
Elapsed Time Current  
Minutes ma 
0 - 1  1 
1 - 2  5 
2 - 3  10 
3 - 4  25 
4 - 5  50 
5 - 6  100 
6 - 7  150 
7 - 8  160 
8 - 9  170 
9 - 10 180 
Based on D r .  Arcand's l imi t ing  c u r r e n t  d e n s i t y  va lue  of 160 ma, and a 
1 minute unce r t a in ty  i n  reaching the cu to f f  vo l tage ,  t h e  anode could have 
been discharged a s  much a s  501 milliamp-minutes i f  i t  was held a t  160 ma f o r  
1-minute ,  o r  a s  l i t t l e  a s  341 milliamp minutes, i f  t h e  anode reached i t s  
l i m i t i n g  c u r r e n t  d e n s i t y  a s  soon as i t  was set a t  160 mill iamps. 
The Task 1 test ce l l  was then discharged using a ramp c u r r e n t  i nc rease  
wi th  t h e  r e s u l t s  shown f o r  test  5 in  Table 1-8. We s e l e c t e d  a t  f i r s t  a 
c u r r e n t  ramp s l o p e  which would approximate t h e  r a t e  of r ise of c u r r e n t  shown 
i n  Table  1-7 a t  t h e  upper c u r r e n t  l eve l s .  'Accordingly,  a ramp r a t e  
of 35 ma/min, was used. 
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Table 1-8 
Current Ramp Tests on Task 1 C e l l  - V e r t i c a l  P o s i t i o n  
Limit ing Current T i m e  To Anode 
Test Density Pass iva t ion  Ramp Slope Discharge 
No. ma / cm2 min . ma /min . ma- min. - 
5 180 5.1 35.3 459 
6 173 6.5 26.7 5 64 
Since t h e  d e s i r e d  r e s u l t  w a s  160 ma/cm2 a t  341 - 501 ma minutes, t h e  
above d a t a  were accepted a s  encouraging. However, more information was 
needed on t h e  e f f e c t  of ramp slope so  o t h e r  ramp s lopes  were i n v e s t i g a t e d  
i n  hopes of achieving a b e t t e r  match wi th  D r .  Arcand's LCD and discharge 
c a p a c i t y  values .  
A shal lower ramp s lope  was selected,  26.7 ma/min, and t h e  ce l l  was 
r e t e s t e d  wi th  t h e  r e s u l t s  shown for t e s t  6 i n  Table 1-8. 
These d a t a  i n d i c a t e  t h a t  reducing of t h e  ramp s lope  reduced t h e  
l i m i t i n g  c u r r e n t  densi ty ,  b u t  caused the  capac i ty  discharged t o  exceed 501 
ma-minutes. 
Based on the  r e s u l t s  obtained f o r  T e s t  5 and 6, a series of tests were 
run wi th  var ious c u r r e n t  ramp slopes i n  o rde r  t o  f u r t h e r  i n v e s t i g a t e  t h e  
i n f l u e n c e  of ramp s l o p e  on l imi t ing  c u r r e n t  d e n s i t y  and c a p a c i t y  discharged. 
These d a t a  a r e  summarizes i n  Table 1-9. 
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Test 
No. 
7 
8 
9 
10 
17 
25 
*5 
*6 
- 
Table 1-9 
Current Ramp Tests on Task 1 C e l l  - V e r t i c a l  Pos i t i on  
Limit ing Current Time TO 
Density P a s s  iva  t i o n  
ma /cm2 min . 
114.7 3.57 
114.8 2.72 
197.9 1.64 
173.8 2.81 
171.0 2.77 
188.0 8.53 
180 5.1 
173.4 6.5 
Ramp Slope 
ma /min . 
32.1 
42 
119 
61.7 
61.7 
24 
35.3 
26.7 
Anode 
Discharge 
ma -min 
205 
156 
163 
245 
237 
802 
45 9 
5 64 
* A s  shown on Table 1-8. 
With two exceptions,  t e s t s  7 and 8, a l l  t h e  tes ts  performed gave s i m i l a r  
LCD's which, t o  f i r s t  order ,  appear t o  be independent of ramp slope.  For 
example, changing ramp s lope  by a f a c t o r  of approximately 5 appeared t o  have 
l i t t l e  e f f ec t  with t h e  associated LCD f a l l i n g  wi th in  t h e  range 177 t o  199 
ma/cm2.  The reason f o r  t h e  wide v a r i a t i o n  i n  the  two tes ts  (Nos. 7 and 8)  
i s  n o t  known exac t ly  but  may be p a r t l y  explained i n  terms of t e s t  equipment 
l i m i t a t i o n s .  Refinements of the c u r r e n t  ramp genera tor  c i r c u i t  discussed 
i n  Sec t ion  3.2 have been undertaken t o  e l imina te  t h i s  p o s s i b i l i t y  i n  f u t u r e  
tests.  A l l  reported t e s t  da t a  were obtained with f r e s h  e l ec t rode  
su r faces .  
A second series of tests were made wi th  t h e  t es t  c e l l  i n  t he  ho r i zon ta l  
p o s i t i o n  t o  s imula te  0 G. A t  low ramp r a t e s ,  lower LCD va lues  were obtained 
2 1  
but minor d i f f i c u l t i e s  with equipment made some of t hese  r e s u l t s  questionable.  
These measurements w i l l  be reported on l a t e r  once the  equipment d i f f i c u l t i e s  
have been overcome. 
1.4 Conc l u s  ions and Recommendations 
Based on t h e  exploratory r e s u l t s  obtained t o  d a t e  t h e  fol lowing con- 
c l u s i o n s  can be reached: 
1. We have received s u f f i c i e n t  a d d i t i o n a l  information on previous 
t e s t i n g  a t  JPL t o  provide f o r  maximum c o r r e l a t i o n  of da t a ,  a s  
required.  
2 .  W e  b e l i e v e w e  have a f a i r  understanding of t h e  processes  and 
parameters which determine t h e  g-dependence of t h i s  p a r t i c u l a r  
ce l l  design. 
3. The cel l  designed and t e s t e d  f o r  t h i s  t a s k  performs s a t i s f a c t o r i l y .  
4 .  I n  t h e  i n t e r e s t  of a less complex automated programming i t  was 
decided t o  use  a l i n e a r  cu r ren t  ramp f o r  determining t h e  l i m i t i n g  
c u r r e n t  d e n s i t y  of t h e  zinc-electrode. 
5. Prel iminary r e s u l t s  obtained on v e r t i c a l l y  o r i en ted  z inc  e l e c t r o d e s  
wi th  c u r r e n t  ramps are encouraging. 
6 .  C i r c u i t r y  and o t h e r  minor d i f f i c u l t i e s  encountered i n  connection 
wi th  h o r i z o n t a l  t e s t i n g  prevented us from g e t t i n g  s i g n i f i c a n t  
r e s u l t s  t o  da t e .  
Renewed t e s t i n g  with improved semi-automatic equipment w i l l  be 
resumed i n  June, using two ramp speeds. 
7. 
It i s  recommended t h a t  work on t h i s  t a s k  be continued without  any 
change i n  ob jec t ive .  
p o s s i b l e  temperature g rad ien t s  i n s i d e  t h e  c e l l  and t h e i r  e f f e c t  on n a t u r a l  
convect ion of t h e  e l e c t r o l y t e  i n s i d e  t h e  c e l l  be explored. 
It i s  f u r t h e r  recommended t h a t  t he  ex i s t ence  of 
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2.0 Task 3 - Tes t ing  of Commercial Secondary Si lver-Zinc Cells 
2 .1  In t roduc t ion  
According t o  t h e  Statement of Work of t h i s  c o n t r a c t  t h e  breadboard 
programming f o r  Task 3 should comprise measurements of t h e  e lectr ical  
capac i ty  and t h e  l i m i t i n g  c u r r e n t  c a p a b i l i t y  (E- I  curve) of a commercial 
secondary s i l v e r - z i n c  c e l l  as a function of charge-discharge cyc l ing  on 
an automated b a s i s .  
There are va r ious  c o n s t r a i n t s  which narrow down t h e  choice of ce l l s  
which can be used f o r  t h e s e  tes ts .  For example t h e  e n t i r e  system s h a l l  
operate ,  u s ing  not more than 50 w a t t s  of power f o r  a l l  operat ions.  Con- 
sequently,  i t  i s  f e l t  t h a t ,  during t h e  charging p a r t  of t h e  cycle ,  any 
i n p u t  power t o  t h e  cel l  should not exceed 25 watts i n  order  t o  allow f o r  
power consumption of  t h e  c o n t r o l  system and recorders .  
s e l e c t i o n  o f  t h e  commercial c e l l  t o  be used f o r  t h i s  t a s k  should be 
r e s t r i c t e d  t o  components used i n  space b a t t e r i e s ,  and they must be 
r e a d i l y  a v a i l a b l e  f o r  e a r l y  de l ive ry  t o  m e e t  t h e  s t r i n g e n t  t i m e  require-  
ments imposed f o r  t h i s  c o n t r a c t ,  
a d d i t i o n a l  s p e c i f i c a t i o n s  were agreed upon wi th  JPL:  
Furthermore t h e  
For t h e s e  and o t h e r  reasons t h e  fol lowing 
1. Our f i r s t  choice test cell s h a l l  be t h e  Yardney s i l v e r - z i n c  cel l  
HR5, having a nominal capac i ty  of 5 ampere hours.  This choice makes i t  
p o s s i b l e  t o  compare our t es t  results with o the r  t e s t  da t a  generated 
elsewhere f o r  JPL. 
2 .  T e s t  cyc le s  s h a l l  simulate a 90 minute o r b i t ,  comprising a 
charging t i m e  of 60 minutes and a discharge t i m e  of 30 minutes. 
3.  The e l e c t r i c a l  power necessary f o r  charging t h e  ce l l s  s h a l l  be 
made a v a i l a b l e  a t  t h e  2.5 v o l t  dc l e v e l  with adequate r egu la t ion .  
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4 .  During cyc l ing  a depth of discharge,  n o t  t o  exceed 65%, s h a l l  be 
se lec ted ,  which i s  c o n s i s t e n t  w i t h  t h e  power a v a i l a b i l i t y  of 25 wat t s .  
It would be d e s i r a b l e  f o r  such 'cycling' t o  produce a 20% t o  40% reduct ion  
of c e l l  capac i ty  a f t e r  5 cycles .  
Rapid cyc l ing  of t h e  type spec i f i ed  is  known t o  c o n s t i t u t e  a sub- 
s t a n t i a l  stress t o  ce l l  performance s t a b i l i t y ,  p a r t i c u l a r l y  i f  t h e  depth 
uL ,c uL3Lrrargz a:,-t. is iiot t o o  small. Keralla and Lander* f o r  example i n v e s t i -  
g a t e  t h e  cyc le  l i f e  of t h e i r  z inc - s i lve r  oxide b a t t e r i e s  a s  a func t ion  of 
t h e  depth of discharge,  which was l imi ted  t o  21%, 30%, and 40%. They 
f i n d  t h e i r  cyc le  l i f e  t o  be a very s e n s i t i v e  func t ion  of t h e  depth of 
discharge.  Degradation is  measured only i n  terms of a terminal  d i scharge  
vo l t age  during cyc l ing  wi th  a cu tof f  of 1 .3  v o l t .  No s tandardized e lec t r i -  
ca l  capac i ty  and p o l a r i z a t i o n  data ,  measured before  and a f t e r  cycl ing,  t o  
determine permanent damage t o  t h e  ce l l s ,  were given. Nevertheless,  t h e  
f a c t  t h a t  Kera l la  and Lander r e s t r i c t e d  t h e i r  tes t  series t o  discharge 
l e v e l s  below 40% should caut ion  us not  t o  s t a r t  o f f  our  f i r s t  cyc l ing  
experiments a t  too  high a percentage l eve l .  Consequent?y, f o r  t h e  purposes 
of our explora tory  tes ts  w e  chose t h e  
a s  t h e  one t o  be used f o r  our  f i r s t  cyc l ing  experiments.  
35% depth of discharge l e v e l  
2.2 Se lec t ion  of Ba t t e ry  
A t  t h e  s t a r t  of t h i s  program, a meeting was he ld  wi th  D r .  Paul 
Howard, p re s iden t  of P. L. Howard Associates ,  Inc. ,  a b a t t e r y  consul t ing  
f i rm.  H i s  advice was sought r e l a t i v e  t o  t h e  s i z e s  of t h e  b a t t e r i e s  t o  
be  used i n  Task 3 and t h e  poss ib le  s u p p l i e r s  of such b a t t e r i e s .  Charging 
sources ,  charging methods, discharge depths ,  and cyc l ing  t i m e s  were a l s o  
*J., A.  Kera l l a  and J. J. Lander, "Sealed Zinc-Si lver  Oxide Batteries", 
Proceedings of t h e  16th  Power Sources Conference 1962, page 105. 
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discussed i n  l i g h t  of t h e  t a s k  requirements. 
with D r .  Howard, twelve i t e m s  were developed regarding Task 3 which 
required c l a r i f i c a t i o n  be fo re  any d e f i n i t i v e  s e l e c t i o n  could be made. 
These i t e m s  were: 
A s  a r e s u l t  of our  meeting 
1. The capac i ty  of t he  ce l l s  
2 .  The manufacturer 
3. Vented o r  sea led  ce l l s  
4 .  Maximum al lowable charging t i m e  
5. Maximum al lowable discharge time 
6 .  Type of b a t t e r y  charging source 
7. S t a b i l i t y  of t h e  charge vol tage 
8. Discharge cu to f f  vo l t age  
9. The p o s s i b i l i t y  of a f l o a t i n g  o r  s u s t a i n i n g  charge 
10. Def in i t i on  of l i m i t i n g  cu r ren t  c a p a b i l i t y  
11. Degree of c o r r e l a t i o n  t o  be obtained between Task 3 and 
Tasks 1 and 2 
1 2 .  Expected depth of discharge of t h e  c e l l s  i n  a c t u a l  use. 
The most bas ic  c o n s t r a i n t  on s e l e c t i o n  i s  power l i m i t a t i o n s  f o r  
b a t t e r y  charging. A t  t h i s  t i m e ,  with minor except ions,  w e  have succeeded 
i n  d e f i n i n g  test requirements and ob jec t ives  more p r e c i s e l y  so  t h a t  a 
b a t t e r y  choice has  become poss ib le .  
and i n  keeping wi th in  t h e  25 wat t s  es t imate  a s  maximum power al lowable 
f o r  c e l l  charging purposes, ca l cu la t ions  were made f o r  charging of fou r  
s tandard  s i z e  commercially ava i l ab le  s i l v e r  z inc  c e l l s .  
P r i o r  t o  meeting with D r .  Howard, 
Of t h e  two types of c e l l  charging methods normally used; t h e  con- 
s t an t  c u r r e n t  method, and t h e  modified cons tan t  p o t e n t i a l  method, t h e  
modif ied cons tan t  p o t e n t i a l  method w a s  s e l ec t ed .  The reasons f o r  t h i s  
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choice a r e  t h a t  t he  modified constant  p o t e n t i a l  method i s  more s u i t a b l e  
f o r  automatic charging c i r c u i t r y ,  it r equ i r e s  less complex charging equip- 
ment, and i s  less sub jec t  t o  thermal problems s i n c e  t h e  inpu t  c u r r e n t  i s  
r e g u l a t a b l e  du r ing  the  e n t i r e  charge, and f i n a l l y  i t  i s  a r e l a t i v e l y  
e f f i c i e n t  charging method. 
The requirements f o r  a modified constant  p o t e n t i a l  charging system a r e  
a cons tan t  vo l t age  source and r e s i s t o r  which i s  placed i n  series with t h e  
charging source and t h e  c e l l  being charged. 
For charging a s i l v e r  oxide zinc c e l l  t h e  cons t an t  vo l t age  source i s  
normally 2 t o  2.5 v o l t s .  The value of t h e  series r e s i s t o r  i s  s e l e c t e d  which 
w i l l  prevent t h e  charging c u r r e n t  from exceeding t h e  C-rate  of t he  c e l l ,  . 
For example: 
E-Ec 
I 
- -  - Rr + Rc 
max 
where : 
E = Constant vol tage source (2.2 v o l t s )  
= Voltage of a discharged c e l l  (1.0 v o l t s )  
= 
EC 
Charging current  a t  t h e  C r a t e  (5  amps max f o r  a 
5 amp h r  c e l l )  
max I 
= Load Resis tance 
= I n t e r n a l  c e l l  r e s i s t a n c e  
Rr 
RC 
S u b s t i t u t i o n  of t h e  ind ica t ed  va lues  i n  (1) gives:  
2 * 2  - = O s 2 4  ohms = Rr + Rc 5 
Since t h e  c e l l  r e s i s t a n c e  i s  normally of t h e  o r d e r  of 0,002 ohms, 
t h i s  may be neglected,  hence 
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I f  I i s  determined on the  bas i s  of t h e  discharge capac i ty  of t h e  max 
c e l l ,  I and R a r e  va r i ab le .  Using equat ion (1) one can determine load 
r e s i s t a n c e  and peak power during charging f o r  s eve ra l  c e l l  s i z e s  a s  shown 
i n  Table 2-1,  
max r 
Table 2-1 
Current Limiting Se r i e s  Resis tance and 
Maximum Charging Power f o r  Various Capacity Cells 
Discharge 
Cap-AH 
12 
10 
5 
1 
Max 
I - w = 2.2v x I Rr ma x 
12 0.100 26.4 
10 0.12 22 
5 0.24 11 
1 1.2 2.2 
From Table 2-1 i t  i s  apparent  t h a t  t he  i n i t i a l  charging c u r r e n t  surge 
f o r  charg ing  f u l l y  discharged ( lv )  s i l v e r  oxide-zinc b a t t e r i e s  wi th  a 
c a p a c i t y  i n  excess of 10 AH a t  t h e  C r a t e  exceeds t h e  25 wa t t  maximum 
a l l o c a t i o n .  However, lower charge r a t e s  could be used providing t h e  charge 
t i m e  i s  no t  too long. 
Examining t h e  charging process i n  more 'de t a i l ,  one notes  t h a t  t h e  
a l s o  changes during charge because of t h e  monovalent and 
E C J  
ce l l  vol tage ,  
d i v a l e n t  s i l v e r  s t e p s  which occur during charge.  
For example, a s i l v e r  oxide zinc c e l l  having a discharged vol tage  of 
1 v o l t  qu ick ly  rises t o  1.6 v o l t s  (appro&) f o r  t h e  monovalent s i l v e r  p l a t eau ,  
A t  approximately 30% of charge t h e  c e l l  vo l tage  rises t o  1.90 v o l t s  (apprax.) 
f o r  t h e  d i v a l e n t  s i l v e r  p la teau .  Near t h e  end of charge the  c e l l  vo l t age  
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again inc reases  t o  1.92 v o l t s  and then inc reases  sha rp ly  due t o  oxygen and 
hydrogen gassing from t h e  cathode and anode r e spec t ive ly .  
vo l t age  i s  ad jus t ed  o t  occur a t  o r  j u s t  below t h e  gassing p o t e n t i a l  depend- 
i n g  upon whether o r  no t  a vented c e l l  i s  used. 
The c u t o f f  
As t h e  c e l l  vo l t age  rises during charge, t he  c e l l  c u r r e n t  decreases .  
Near the  end of t h e  charge t h e  charging c u r r e n t  i s  r e l a t i v e l y  small .  
Data i n  the following Table 2-2 i l l u s t r a t e  t h e  r e l a t i o n s h i p s  between 
percentage input  capaci ty ,  c e l l  voltage,  c e l l  c u r r e n t ,  ampere hours, and 
elapsed charging t i m e  f o r  4 c e l l  sizes charged by the modified cons t an t  
p o t e n t i a l  method. I n  a l l  cases  the c e l l  i s  assumed t o  be completely d i s -  
charged a t  t h e  beginning of charge and t h e  i n i t i a l  charging c u r r e n t  i s  
l i m i t e d  t o  t h e  C r a t e  of t he  c e l l .  Since t h e  charging e f f i c i e n c y  i s  assumed 
t o  be 90 percent ,  each c e l l  i s  charged 110 percent  of i t s  discharge c a p a c i t y ,  
The t o t a l  elapsed t i m e  i s  i n  each case t h e  minimum allowable charging time 
f o r  a c e l l  charged from a 25 wa t t  source under the condi t ions s t a t e d  above. 
From Table 2 - 2  i t  i s  shown t h a t  i n  a l l  ca ses  the  charging t i m e  i s  
approximately 4 hours and t h a t  t h e  r a t i o  of t h e  i n i t i a l  charging c u r r e n t  t o  
t h e  f i n a l  charging c u r r e n t  i s  6 t o  1. From t h i s  i t  becomes apparent t h a t  
maximum charge rates i n  excess of the C r a t e  a r e  necessary i f  r e l a t i v e l y  
s h o r t  charging times are  required,  e.g. ,  such a s  a 60 minute charge simu- 
l a t i n g  an e a r t h  o r b i t  a p p l i c a t i o n .  
From t h e  twelve items developed i n  our  meeting with D r .  Howard and the  
d a t a  i n  Table 2-1, t e n t a t i v e  decis ions were made concerning minimum charging 
t i m e s ,  t h e  charging method, t he  i n i t i a l  charging cu r ren t s ,  t h e  cons t an t  
v o l t a g e  source des i r ed ,  and the  poss ib l e  b a t t e r y  s i z e s  i n  keeping with t h e  
25 w a t t s  power a v a i l a b l e  f o r  charging sources.  
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Concurrence was sought regarding t h e s e  parameters from t h e  Jet Propuls ion 
Laboratory a t  a meeting held on February 28, 1968. 
granted i n  JPL Technical D i rec t ion  Memorandum No. 121-1, dated 3/27/68. The 
following i t e m s  were included: 
O f f i c i a l  approval was 
1. The cell  s i z e  would be 5 ampere hours which would c o r r e l a t e  w i th  
t h e  s i z e  being used by Crane Naval Ammunition Depot f o r  a s tudy being conducted 
f o r  t h e  Jet  Propulsion Laborator ies  (Yardney HR5). 
2. The manufacturer of t h e  cells would be Yardney Electr ic  f o r  t h e  
same reason a s  s t a t e d  i n  1. 
3 .  The cells would be vented. 
4 .  A n ine ty  minute o r b i t i n g  t i m e  would be simulated.  
5. I n  a d d i t i o n  t o  f i v e  n i n e t y  minute cycles ,  t h e r e  would be an 
i n i t i a l  deep discharge and a recharge. 
6. Two p o l a r i z a t i o n  curves would be measured before  and a f t e r  cycl ing.  
7. Following t h e  n i n e t y  minute cycles ,  a f i n a l  deep discharge would be 
made t o  measure t h e  change i n  c e l l  capac i ty  from t h e  i n i t i a l  deep discharge.  
8. Maximum charging t i m e  would be 60 minutes during t h e  cyc l ing  phase. 
9. Maximum d i scha rge  t i m e  would be 30 minutes during t h e  c y c l i n g  
phase . 
10. Maximum depth of discharge would be 65% of r a t e d  ce l l  capac i ty  du r ing  
t h e  c y c l i n g  phase. 
11. Charging power l i m i t  would be 25 w a t t s  average wi th  allowance f o r  
su rge  peaks above t h i s  value,  with an at tempt  made t o  l i m i t  t h e  surge c u r r e n t  
t o  t h e  C r a t e  of t h e  cel ls .  
12. E l e c t r i c a l  power would be a v a i l a b l e  as :  
a. 
b. 
2.5 v dc i 10% a t  2 5  wat ts  
28 v dc 2 10% a t  25 watts 
30 
The o v e r a l l  approach t o  Task 3 cycl ing  was predica ted  toward an 
acce le ra t ed  c e l l  l i f e  tes t .  
The f i n a l  choice of b a t t e r y  s ize  was based p r imar i ly  on charging power 
r e s t r i c t i o n s ,  Table 2 - 3  l i s t s  the  important parameters and the  bas i s  f o r  t h e  
ca l cu la t ion .  From t h i s  i t  is  apparent t h a t  a c e l l  w i th  a 5 AH capac i ty  i s  
about t h e  maximum s i z e  poss ib l e  wi th in  a 2 5  wat t  charging power l i m i t .  
On March 5 ,  1968, M r .  Sheldon Feld of Yardney E l e c t r i c  was c a l l e d  
regarding our requirements f o r  Task 3 .  H e  recommended the  Yardney HR5-DC-7A 
c e l l  equipped wi th  a 5 p s i  r e l i e f  valve and a minimum e l e c t r o l y t e  volume. 
Since we a r e  i n t e r e s t e d  i n  a maximum of f i v e  cyc les ,  he ind ica ted  t h a t  w e  
might be a b l e  t o  exceed d ischarge  depths of 25% i n  112 hour wi th  correspond- 
ing ly  increased charging r a t e s .  
is  so  heav i ly  dependent on immediate p a s t  c e l l  h i s t o r y ,  our requirements 
would n e c e s s i t a t e  a t e s t  program such as w e  had planned. 
He a l s o  ind ica ted  t h a t  s i n c e  c e l l  performance 
2 . 3  Test Procedure 
A d e t a i l e d  tes t  program f o r  Task 3 ce l l s  was developed i n  keeping with 
t h e  t a s k  requirements and, i n s o f a r  a s  poss ib le ,  w i th  t h e  manufacturers 
recommendations . * 
Task 3 Test  Program 
(35% Discharge Depth During Cycling) 
1. F i l l  c e l l  wi th  16 cc of e l e c t r o l y t e  
2 .  L e t  c e l l  soak f o r  72 hours 
3 .  Measure and n o t e  c e l l  vo l tage  
* B u l l e t i n :  1000 S e r i e s  - Service  and Operating I n s t r u c t i o n s  For The 
Yardney S i l v e r c e l l  Bat te ry ,  August, 1961. 
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4 .  Charge by modified cons tan t  p o t e n t i a l  method u n t i l  c e l l  vo l t age  
equals  2.05 v o l t s  where 1 .82  i s  t h e  i n i t i a l  c e l l  vo l t age  and 
l i m i t i n g  r e s i s t o r .  i s  1 ohm. 
the  cu r ren t  
2*05 - 
1 = .23 amp, i n i t i a l  c u r r e n t  
5. Discharge a t  0.29 amps cons tan t  cu r ren t  u n t i l  t he  c e l l  vo l tage  
drops t o  1.0 v o l t .  
6 ,  Charge by modified cons tan t  p o t e n t i a l  method u n t i l  t h e  b a t t e r y  
vo l t age  equals  2.05 v o l t s  where 1.5 i s  the  a n t i c i p a t e d  recovered c e l l  vo l t age  
and 0.32 i s  the  i n i t i a l  charging cur ren t .  
7. Discharge 20%, o r  lAH,  (2 amps f o r  1/2 hr.) a t  cons tan t  cu r ren t .  
8. Measure p o l a r i z a t i o n  curve from open c i r c u i t  t o  1.2 v o l t s  i n  2 
amp s t e p s  holding each cu r ren t  value f o r  1 minute. 
(0, 2, 4 ,  6 ,  8, 10, e t c .  amps) 
9 .  Charge by modified constant  p o t e n t i a l  method u n t i l  t h e  c e l l  vo l tage  
equa l s  2.05 v o l t s  where 1.5 i s  the an t i c ipa t ed  recovered c e l l  vo l t age  and 
0.88 i s  the i n i t i a l  charging cu r ren t .  
10. 
11. 
12 .  Same a s  10 
13. Same as 11 
14. Same as 10 
15. Same a s  11 
16 ,  Same a s  10 
1 7 ,  Same a s  11 
Discharge 35%, o r  1.75 AH, (3 .5  amps f o r  1/2 h r . )  
Charge u n t i l  t he  b a t t e r y  vol tage equals  2.05 v o l t s  a f t e r  1 h r .  
32 
Capaci ty  
AH. 
5 
10 
Table 2-3 
Charge Power Load Versus Ba t t e ry  Capac i ty  
RS* Is** Ps** Pa,** 
S e r i e s  Surge Surge Aver age 
Res i s  t anc e Current  Power Power 
Ohms Amps Watts Watts 
0.098 9.2 23 15.5 
0.049 18.4 46 31 
* Based on 60 min. charge, 
90% charge e f f i c i e n c y  
- 2.25 - 1.90 
Rs - 1.1 (0.65) C 
2.25 v supply,  65% DOD, 
= -  0.49 
C 
** Based on 2.50 v supply, 1.6 v o l t  c e l l  v o l t a g e  a t  
s t a r t  of charge  
= - =  0 * 9  1.84 C - 2.5 - 1.6 0.49 
RS 
Is - 
P = 2.5 Is = 4.6 C 
S 
VS(VS - 1.9) c - - 2 . 5  (0.6) c = 3.1 c 
'av 0.49 0.49 
33 
18. Same as 10 
19. Same as 11 
20. Same as 7 
21. Same as 8 
22. Same as 6 
23. Same a s  5 
Note: 
data.* 
Ca lcu la t ions  shown i n  the above program a r e  based on t y p i c a l  
2.4 Tes t  Resu l t s  
Figures  2-1 and 2-2 comprise a vol tage,  cu r ren t ,  t i m e  p r o f i l e  obtained 
on a HR5-DC-7A c e l l  t e s t e d  i n  accordance wi th  t h e  Task 3 t es t  program. 
F igu re  2-1 covers s t e p s  1 through 6 above while  F igu re  2-2 covers t h e  
remainder. 
S ince  t h e  Task 3 t e s t  program was designed as a l i f e  test, p a r t i c u l a r  
emphasis was placed on c e l l  vol tages  and charge and d i scha rge  c a p a c i t i e s  
throughout t h e  test program. I n  Table 2-4 w i l l  be found d a t a  p e r t i n e n t  t o  
t h e  a n a l y s i s  of t h e  Task 3 test program f o r  discharge cyc le  depths of 35%. 
2.5 Discussion of Test Resul ts  
Capaci ty  Balance 
A d r y  charged b a t t e r y  having a r a t e d  c a p a c i t y  of 5 ampere hours but  
of an unknown a c t u a l  c a p a c i t y  was placed on charge u n t i l  i t s  terminal  vo l t age  
w a s  2.05 v o l t s .  A t o t a l  of n ine  charge s t e p s  and 12 discharge s t e p s  were 
made. Summing charge and discharge c a p a c i t i e s  gives:  
Charge Capacity ( Input) :  24.59 AH 
A t  an est imated charge e f f i c i e n c y  of 0.9 t h e  a c t u a l  u s e f u l  c a p a c i t y  
i n p u t  is: 22.13 AH 
* Vinal, Secondary B a t t e r i e s  
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Discharge Capacity (Output) : 30.29 AH 
Since t h e  s t a r t i n g  capac i ty  i s  unknown, s u b t r a c t i n g  t h e  i n p u t  capac i ty  
from t h e  output  capac i ty  gives:  
30.29 - 22.13 = 8.16 AH 
This may be  taken a s  the  a c t u a l  capac i ty  of t h e  ce l l  i n  t h e  d ry  charged 
s ta te .  
Comparing t h e  discharge capaci ty  obtained i n  t h e  f i r s t  deep discharge,  
s t e p  5, w i th  t h e  discharge capac i ty  obtained i n  t h e  second deep discharge,  
s t e p  23: 
s t e p  5 9.04 ampere hours 
s t e p  23 -7.87 ampere hours 
1.17 l o s s  of capac i ty  i n  ampere hours 
o r  12.9% l o s s  i n  capac i ty  is associated with t h i s  t e s t i n g  regime. 
S ince  t h e  90 minute o r b i t  s imulat ions a r e  of primary importance s t e p s  
10 through 19 shown i n  Figure 2-2 w i l l  be considered, s i n c e  t h e s e  s imula t e  
5 such n i n e t y  minute o r b i t  simulations during t h e s e  charging per iods,  
13.47 ampere hours of charge were applied. Est imat ing a 90% charging 
e f f i c i e n c y  : 
.9 x 13.47 = 12.12 ampere hours of u s e f u l  charge were applied.  The 
c a p a c i t y  discharged from t h e  c e l l  during t h e  5 discharge cyc le s  i s :  
5 x 1.75 AH k 8.75 AH. 
12.12 - 8.75 = 3.37 AH t h e  capac i ty  loss during t h e  5 n ine ty  minute 
o r b i t  s imulat ions.  
Because the apparent  loss i n  capac i ty  during t h e  f i v e  90 minute o r b i t  
s imu la t ion  cyc le s  exceeds the  n e t  loss f o r  t h e  e n t i r e  test  program, i t  i s  
concluded t h a t  t h e  deep d i scha rge  i n  s t e p  5 was i n o r d i n a t e l y  high due t o  t h e  
low d i s c h a r g e  c u r r e n t  used. I n  subsequent tes ts  the  deep discharge s t e p s  
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5 and 23 w i l l  be shortened so  t h a t  less of t h e  excess z inc  capac i ty  w i l l  be 
removed from t h e  cel l .  This follows from t h e  f a c t  t h a t  a HR5-DC-7A cel l  
con ta ins  approximately 11 ampere hours of z inc capaci ty .  
It i s  a l s o  noted t h a t  t h e  end-point vo l t ages  measured during t h e  30 
minute discharges during t h e  90 minute cyc le s  a c t u a l l y  inc rease  from 1.51 t o  
1.74 v o l t s  during t h e  f i r s t  t h r e e  discharges and then dropped t o  1.68 v o l t s  
f o r  the f i f t h  cycle ,  i n d i c a t i n g  a p a r t i a l  r e s t o r a t i o n  of b a t t e r y  capaci ty .  
The i n p u t  c a p a c i t i e s  during t h e  charge po r t ions  p rogres s ive ly  diminish from 
5.07 t o  1.84 ampere hours before  the c u t o f f  vo l t age  of 2.05 v o l t s  i s  reached 
i n d i c a t i n g  a p rogres s ive ly  earlier gassing with a consequent loss of charge 
acceptance.  
The p o l a r i z a t i o n  curves obtained i n  s t e p s  8 and 2 1  show v i r t u a l l y  no 
d i f f e r e n c e s  thus i n d i c a t i n g  t h a t  the c e l l  i n  a 20% discharged s t a t e  a t  t h e  
beginning of t h e  t e s t i n g  porgram i s  e s s e n t i a l l y  t h e  same a s  a t  t h e  end of t h e  
t e s t i n g  program. It i s  p o s s i b l e  t h a t  t he  p o l a r i z a t i o n  curves terminat ing a t  
10 ampere a r e  not deep enough t o  ind ica t e  change i n  c e l l  c h a r a c t e r i s t i c s .  
Subsequent p o l a r i z a t i o n  curves w i l l  be made t o  terminat ing c u r r e n t s  of 15 
amperes o r  1 v o l t ,  whichever occurs f i r s t .  
From t h e  above d a t a  i t  i s  concluded t h a t  a HR5-DC-7A ce l l  can be cycled 
5 t i m e s  o r  more i n  a 90 minute o r b i t  with a 35% d i scha rge  i n  30 minutes 
followed by a 1 hour recharge and have a terminal  vo l t age  i n  excess of 1.2 
v o l t s  a t  t h e  end of t h e  f i f t h  discharge.  
The same type of t e s t i n g  regime w i l l  be used f o r  discharge depths 
between 35% and 65% i n  f u t u r e  t e s t s .  
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2.6 Conclusions and Recommendations 
As s t a t e d  earlier t h e  conclusions t o  be der ived from t h e  exploratory 
hand operated test series completed t o  d a t e  a r e  based on: 
1. Transient  capac i ty  and vo l t age  measurements during 90 minute 
cycl ing.  
P o l a r i z a t i o n  measurements before and a f t e r  cycl ing.  
Discharge capac i ty  measurements before  and a f t e r  cycl ing.  
2. 
3. 
None of t h e s e  s i g n a l s  appear t o  i n d i c a t e  t h e  degree of degradat ion 
d e s i r e d  f o r  t h i s  type of accelerated l i f e  test program performed a t  t h e  
35% d i scha rge  depth l e v e l .  It is t he re fo re  recommended, t h a t :  
A. The test  program f o r  Task-3 be  continued using, i n  a d d i t i o n  t o  
t h e  HR5 cell ,  some of t h e  automatic switching equipment t o  be 
descr ibed i n  t h e  next s ec t ion .  
The capac i ty  measurements before  and a f t e r  c y c l i n g  be performed 
a t  a h ighe r  c u r r e n t  l e v e l  t o  b r ing  such c a p a c i t i e s  more i n  l i n e  
wi th  t h e  nominal value of 5 AH. 
The depth of discharge l eve l  be increased beyond t h e  35% l e v e l .  
B. 
C. 
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3.0 Control Logic and Switching 
This section of the report will cover essentially three aspects of 
the control logic and switching. These are: 
1. The selection of the approach to the control logic and switching. 
2. The control circuits necessary to make the limiting current 
density measurements in Task 1. 
The control circuits and logic design necessary to make a 3. 
complete sequence of tests on the Task 3 commercial cells. 
The control logic and switching for the Task 2 tests will be covered in a 
later report. The Task 3 sequence logic is, perhaps, the most complicated 
of the logic necessary for the three-tasks. 
working with the Task 3 logic will be applicable to the logic necessary 
for the other Tasks. 
The results obtained from 
3.1 Selection of Approach 
3.1.1 Preliminary Considerations and Requirements Affecting the Choice 
of Approach 
The switching circuits of the breadboard must have four functions. 
These are: 
1. Provide a set of preprogrammed contact closures that will be used 
to start and stop specific tests on a cell. 
Provide a method of transferring the test circuits from one cell 
to another. 
Provide the necessary switching of the measurands onto the 
proper tape recorder channels as well as control the period of 
operation of the recorder and 
2. 
3. 
4. Provide a fail safe mechanism so that the rest program can continue 
if one or more of the cells tested should fail to function properly. 
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These func t ions  must be provided us ing  components t h a t  a r e  f l i g h t  
q u a l i f i e d  o r  components whose design and cons t ruc t ion  a r e  such t h a t  t he re  
i s  every reason t o  be l ieve  t h a t  they can surv ive  t h e  expected environment 
and could the re fo re  be f l i g h t  qua l i f ied .  
From the  beginning of t he  program, it appeared t h a t  these  were two 
b a s i c  approaches t h a t  could be used f o r  t h e  switching design. 
approach uses  a mechanical device such a s  s tepping switch t o  provide both 
the  program and contac t  c losures .  
c i r c u i t r y  t o  fol low the  switching program and t o  use r e l a y s  f o r  t he  contac t  
c losures .  
The f i r s t  
The second approach was t o  use l o g i c  
There a r e  several requirements which a f f e c t  t h e  Choice of t he  approach. 
These a re :  
1. F l igh t  q u a l i f i c a t i o n  of  components 
2. 
3. Power consumption 
4. Noise innuunity 
5. Space and weight 
Ease of changing test program sequence 
The most c r i t i c a l  requirement is the  f l i g h t  q u a l i f i c a t i o n  of components. 
The breadboard should use e l ec t ron ic  components which have been f l i g h t  
q u a l i f i e d .  
s u b s t i t u t e  it is permissible  t o  use an unqual i f ied  u n i t  a s  long a s  the re  is 
no reason  t o  be l i eve  t h a t  t he  type of device i n  quest ion could not  become 
q u a l i f i e d .  
I f  a type of device i s  needed where the re  i s  no f l i g h t  q u a l i f i e d  
.-.. rne c i r c u i t s  ghoul6 be designed SO that it is f ~ . i r ? p  ~ z s . ;  to chg~ge 
the  t e s t  sequence a t  l e a s t  while the c i r c u i t s  a r e  i n  an experimental  s tage.  
On t h e  f i n a l  breadboard, t he  t e s t  sequence would be f ixed  but  c e r t a i n  
42 
1 
I 
‘I 
I 
I 
1 
I 
E 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
, I  
- 
parameters should be e a s i l y  changeable. 
The average power consumption of the  switches, c i r c u i t s ,  camera, and 
tape recorder  should be held t o  a maximum of 25 w a t t s .  This allows 25 
watts t o  be used f o r  charging c e l l s  during va r ious  p o r t i o n s  of the  t e s t s  
and s t i l l  keep the  t o t a l  power consumption t o  the required 50 wat ts .  
The c i r c u i t s  should be f r e e  from the  e f f e c t s  of no i se  sources i n  and 
around the  breadboard. 
the  breadboard w i l l  be unaffected by no i se  i n  the  spacecraf t  o r  by s i g n a l s  
generated by o t h e r  t e s t s  on the  spacecraf t .  
This w i l l  assure t h a t  i n  a l a t e r  f l i g h t  version, 
While there  a r e  as ye t  no s p e c i f i c  space and weight requirements, it 
would be d e s i r a b l e  t o  keep these  q u a n t i t i e s  t o  a minimum.  
3.1.2 Comparison of A l t e rna t ives  
The mechanical s tepping s w i t c h  approach would probably r e s u l t  i n  the  
s i i n p l i e s t c i r c u i t  arrangement. A mul t ipos i t i on  switch which is made up of 
s e v e r a l  ganged s e c t i o n s  could provide the  switching t o  follow the  program 
p lan  as wel l  as provide the  switching f o r  t he  tape recorder  funct ions.  
The average power consumption of a s tepping switch i s  r e l a t i v e l y  low s ince  
power is  requ i r ed  only during the  stepping operat ion.  
and the  weight of t he  switch would be r e l a t i v e l y  g rea t .  
sequence log ic  f o r  Task 3 weighs approximately 7 ounces. 
t o  perform t h e  same func t ion  would weigh about t h r e e  t imes as much. 
The space r equ i r ed  
For example, the  
A stepping switch 
The main disadvantage of the  stepping switch however is  i ts  s e n s i t i v i t y  
Those vendors contacted expressed r e a l  concern over t o  shock and v i b r a t i o n .  
the  a b i l i t y  of t h e i r  switches t o  survive the  shock and v i b r a t i o n  l e v e l s  
s p e c i f i e d  i n  JPL s p e c i f i c a t i o n  30250B. In  the  absence of any u n i t s  which 
were f l i g h t  qua l i f ied ,  t he  cos t  of t e s t ing ,  coupled wi th  the high p r o b a b i l i t y  
4 3  
of failure, and high development cost of an acceptable stepping switch made 
this appear like a relatively unfruitful approach. 
Another disadvantage is the lack of flexibility when using a stepping 
switch for programming. 
would probably require rewiring. 
If the test program were to be changed, the switch 
An investigation was made of the applicability of mechanical commu- 
tators in place of stepping switches. It was found that, in generai, the 
commutators were not designed to handle the currents that must be switched 
in this type of program. 
The two major disadvantages of the stepping switches are eliminated 
if integrated circuit logic and relays are used. There are several in- 
tegrated circuit logic units that are flight qualified. 
are many other integrated circuits that are manufactured to military 
specifications for which there is no apparent reason why they couldn't 
also become qualified. 
available and also a few more military models that could probably be 
qualified if their use were necessary. 
In addition, there 
There are several models of flight qualified relays 
The use of solid state switches in place of relays was investigated 
and it was concluded that a solid state switch might be useful in high 
impedance switching applications but that their equivalent contact 
resistance was too high for them to be useful in low impedance cell 
switching applications. 
Utilizing the integrated circuit approach, a change in the program 
pian would resuit in only a few reiativeiy minor c'mnges Iii the overall 
logic. Additions could be made to the test plan that would not require 
major component changes, at least while the logic is in an experimental 
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s tage .  
should d i s s i p a t e  l e s s  than t h e  allowed 25 wat ts .  
The power consumption is nominal and t h e  t e s t  p lan  c i r c u i t r y  
In t eg ra t ed  c i r c u i t s  opera te  on low vo l t ages  and a r e  high speed devices.  
This combination of f a c t o r s  makes these c i r c u i t s  somewhat s e n s i t i v e  t o  
noise .  However, t he  noise  i s  no r ea l  problem i f  t h e  s i t u a t i o n  i s  recognized 
and proper  precaut ions  a r e  made t o  minimize it. 
3.1.3 Se lec t ion  
We have the re fo re  concluded tha t  t h e  use of i n t e g r a t e d  c i r c u i t  l o g i c  
t o  provide the  program plan, and r e l ays  t o  provide contac t  c l o s u r e s  i s  t h e  
b e s t  method of implementing the  breadboard t e s t  and the  subsequent f l i g h t  
u n i t .  These devices  should be more r e l i a b l e  i n  the  expected environment, 
they s tand  a much b e t t e r  chance of pass ing  the  t e s t s  necessary  f o r  f l i g h t  
q u a l i f i c a t i o n ;  they a r e  smaller  and l i g h t e r  providing a saving i n  space 
and weight, and promise t o  be more v e r s a t i l e  i n  t h e i r  app l i ca t ions .  
This  i s  t h e  switching method t h a t  we have chosen t o  use.  Much of 
t h e  l o g i c  f o r  t h e  Task 3 test sequence has been b u i l t  and t e s t e d  and t h e r e  
i s  every  i n d i c a t i o n  t h a t  t h e  choice made i s  a good one. A d e s c r i p t i o n  of 
the  l o g i c  and some of t h e  t e s t  r e s u l t s  a r e  given i n  Sec t ions  3.3.2 and 
3.3.3. 
3.2 Task 1 Control C i r c u i t r y  
A func t iona l  block diagram of Task 1 is shown i n  Figure 3-1. Tests 
a r e  performed on s i x  s i l v e r - z i n c  c e l l s  i n  a sequen t i a l  manner. 
are connected t o  a c e l l  switch which i s  composed of both  r e l a y s  and 
i n t e g r a t e d  c i r c u i t  l og ic .  The measurands a r e  fed t o  t h e i r  proper channels 
on t h e  tape recorder  through a c a l i b r a t i o n  c i r c u i t .  This  c i r c u i t  provides  
a check of t h e  c a l i b r a t i o n  and zero d r i f t  of the tape recorder  ampl i f i e r s .  
The c e l l s  
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The c o n t r o l  c i r c u i t r y  provides t h e  t e s t  p l an  and a l s o  provides the  funct ions 
t h a t  a r e  used t o  load the  c e l l  i n  var ious ways. 
only with a d e s c r i p t i o n  of t h e  c o n t r o l  c i r c u i t r y .  
be covered i n  a subsequent r epor t .  
This s e c t i o n  w i l l  deal  
The o ther  c i r c u i t s  w i l l  
3.2.1 Requirements 
The t e s t i n g  program f o r  Task 1 involves  measurements of l i m i t i n g  
c u r r e n t  d e n s i t y  (LCD) on a number of s i l v e r - z i n c  c e l l s  of a design previous ly  
t e s t e d  a t  high g l e v e l s  by JPL. 
charging the  c e l l  using a c a l i b r a t e d  
t o  accomplish t h i s  c o n s i s t  of two parts. The f i r s t  is  a c u r r e n t  c o n t r o l  
c i r c u i t  which discharges the  c e l l  a t  a discharge c u r r e n t  r a t e  t h a t  i s  
d i r e c t l y  p ropor t iona l  t o  the  cont ro l  vo l t age  input .  The second i s  a 
c i r c u i t  which generates  the  r e q u i s i t e  c o n t r o l  vo l t age  input  f o r  the  f i r s t .  
The l a t t e r  c i r c u i t  i s  designated a vo l t age  ramp generator .  When the  out- 
put of the  vo l t age  ramp generator  is connected t o  the  input  of the  c u r r e n t  
c o n t r o l  c i r c u i t ,  a cur ren t  ramp discharge of the c e l l  i s  produced. 
The LCD measurement i s  t o  be made by d i s -  
c u r r e n t  ramp. The c o n t r o l  c i r c u i t s  
The p o t e n t i a l  d i f f e r e n c e  between the  z inc  working e l e c t r o d e  and a 
z i n c  r e fe rence  e l ec t rode  is measured during the  c u r r e n t  ramp discharge.  
The LCD is  def ined as the  c u r r e n t  d e n s i t y  when t h i s  p o t e n t i a l  reaches 1.0 
v o l t s .  It may be noted t h a t  the a c t u a l  p o t e n t i a l  across  the  working c e l l  
w i l l  be on the  order  of 0.5 v o l t s  a t  the LCD. 
a 1 c m  e l e c t r o d e  a r e a  so  t h a t  a cur ren t  measurement is d i r e c t l y  r e l a t ab le  
t o  t h e  average c u r r e n t  d e n s i t y  of t h e  e lec t rode .  
The ce l l  design provides 
2 
- 0 9  J . L . 6 .  Description ef Cire.;it 
The discharge cur ren t  cont ro l  c i r c u i t  is shown i n  Figure 3-2. An 
NPN t r a n s i s t o r  i s  connected across  the  c e l l  and is  used as the  load. The 
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Volt age 
Generator 
Fairchild 709 
bias on the transistor determines its impedance and therefore the load on 
the cell. 
cell is used to measure the discharge current. 
controlled by a high gain operational amplifier. 
the amplifier is connected across Rs so that a feedback voltage is applied 
which is proportional to the discharge current. The voltage at the non- 
inverting input is a reference voltage and sets the discharge current 
level. The voltage on the inverting input is equal to the discharge 
current multiplied by Rs. 
reference voltage applied to the noninverting input by a suitable level of 
discharge current. If the reference voltage is varied, the discharge 
current will also vary and at any time will be equal to Vr-f/Rs. 
the reference voltage supplied by the voltage ramp generator increases 
with time at a constant rate, the discharge current control circuit acts 
to make the discharge current increase with time in a similar fashion. 
A small resistance Rs, in series with the transistor and the 
The transistor bias is 
The inverting input of 
This voltage is essentially held equal to the 
Thus if 
As the cell polarizes, the cell voltage drops. The LCD occurs when 
the approximate cell voltage is 0.5 volts. This requires that the sum of 
the saturation voltage of the transistor (V,) and the voltage drop across 
Rs at LCD be less than 0.5 volts. 
can be on the order of 0.2 to 0.3 volts so that the discharge current 
control circuit will function adequately over the entire range of cell 
voltages expected. 
In practice, the sum of these potentials 
The voltage ramp generator for the Task 1 control system utilizes an 
operational amplifier in an integrator circuit. 
is shown in Figure 3-3. 
type 20-008-01 and has field effect transistors (FET) in its input stages. 
The FET's provide a very high input impedance to the amplifiers which is 
A circuit diagram of this 
The operational amplifier is a Bell and Howell 
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' 60 m a / m i n  
necessary t o  achieve s t a b i l i t y  w i t h  t h e  l a rge  s e r i e s  r e s i s t a n c e s  necessary 
t o  achieve t h e  required vol tage  ramp slopes.  
This  ramp slope is determined by t h e  RC time cons tan t  and s ince  two 
d i f f e r e n t  s lopes  a r e  necessary,  t w o  va lues  of the  s e r i e s  input  r e s i s t a n c e  
a r e  provided. The r e l a y  con tac t s  across  the  i n t e g r a t i n g  c a p a c i t o r  C, are 
used t o  s top  and r e s e t  t h e  ramp output vo l tage  t o  zero.  The combination 
of t h e  discharge cilrreiit c o n t r o l  c i r c u i t  and the  vol tage  r a q  genera tor  
provides  two a l t e r n a t e  c u r r e n t  ramps; one with a r a t e  of 7 .5  ma/min up t o  
a maximum of 150 ma, and t h e  second wi th  a r a t e  of 60 ma/min up t o  a 
maximum of 250 ma. 
3.2.3 Resul t s  t o  Date and S ta tus  
Two d i f f e r e n t  vo l tage  ramp generators  and discharge cu r ren t  c o n t r o l  
c i r c u i t s  have been b u i l t  f o r  obtaining experimental  da t a  with Task 1 c e l l s .  
The f i r s t  was an adapta t ion  of a s imi la r  c i r c u i t  b u i l t  f o r  Task 3 c e l l s  
where a cu r ren t  ramp with a maximum discharge cu r ren t  of 10 amps was required.  
Useful d a t a  were obtained with Task 1 c e l l s  using t h i s  c i r c u i t ,  but  s ince  
i t  was  no t  designed s p e c i f i c a l l y  f o r  Task 1 c e l l s ,  t h e  ramp rate was not  
adequate ly  s t a b l e  a t  the  lowest s lopes of i n t e r e s t .  
A second c i r c u i t  has  been designed s p e c i f i c a l l y  f o r  Task 1 measurement 
and provides  the  ramp r a t e s  given a t  t he  end of the  l a s t  sec t ion .  
p e r a t u r e  s t a b i l i t y  measurements have been made on t h i s  ramp genera tor  and 
the  ramp s lope  v a r i e s  l e s s  than 0.3%/OC over the  range from 10°C t o  4OoC. 
Tem- 
3.3 Task 3 Control C i r c u i t r y  
3.3.1 Requirements 
The sequence of events  t h a t  takes  place during t h e  Task 3 program 
51 
to test commercial cells is much more complicated than the rather simple 
LCD measurement of Task 10 
is given in Section 2.2. The 21 test steps listed there include a number 
of different operations including three rates or levels of discharge, two 
rates of charge and a current ramp polarization. 
A complete description of the test sequence 
A functional block diagram of the Task 3 program is shown in Figure 3-4. 
The test cell switching and the calibration circuit will be discussed in a 
later report. The discharge circuits are very similar to those described in 
Task 1 except that they are designed to handle higher currents. 
circuits and test sequence logic voltage level sensors and interval timer 
will be covered in detail in this section. 
The charge 
As stated above, there are 21 test steps in the logic sequence. The 
shift from one step to another is initiated when cell voltage reaches some 
preset level in the case of the deep discharge capacity measurement and 
for the two different charge rates which is detected by the voltage level 
sensors. The shallow discharge cycles are constant current discharges 
that proceed for 30 minute timed intervals. In this case, the shift to 
another test step is initiated by the end of the 30 minute time period. In 
srne test steps, overrides are necessary to insure against test interruption 
in the event of cell failure. 
operates during the shallow charge cycle. 
the charged state as indicated by cell voltage within 1 hour the timed 
override will provide for the test sequence to continue.. This insures 
that the maximum elapsed time for a complete shallow discharge and charge 
is 90 minutes. 
voltage level override on the shallow discharge cycle. 
voltage were to drop to some preset level before the 30 minute discharge 
For example, a 60 minute timed override 
Thus if a cell does not reach 
The deep discharge voltage level sensor also acts as a 
Thus if cell 
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was completed, the voltage overide would terminate the discharge cycle. 
Integrated circuit components are used to build the logic necessary 
to control the test steps and to govern the order in which the tests are 
made. 
3.3.2 Description 
The discharge current control circuit and voltage ramp generator used 
in Task 3 for polarization measurements are very similar to those described 
in Section 3.2.2. The major difference is that much higher current levels 
must be controlled for Task 3 tests and therefore the load transistor must 
dissipate a maximum of 10 to 15 watts during discharge. 
charged by a modified constant potential method the circuit for which is 
shown in Figure 3-5. 
different charge rates possible. 
resistance is switched into the charging circuit. 
The cells are 
Two series resistances, R1 and R2 govern the two 
Relays (K2 and K3) determine which 
The voltage level sensors provide the logic with a signal when the 
cell has reached a preset voltage (or current) level. 
of these, each set for a different voltage level- 
sensor indicates when the cell has reached its charged voltage of 2.05V. 
The center level sensor indicates when the cell has been discharged to 
capacity or 1.2 volts. The lower voltage level sensor receives a voltage 
signal from the voltage ramp generator output which is used to indicate 
when the maximum current has been reached during polarization tests. 
There are three 
The upper voltage level 
The level sensors are designed around Fairchild type 709 operational 
amplifiers. Their circuit diagram is shown in Figure 3-6. 
feedback from the output to the noninverting input makes the amplifier 
switch quickly whenever the measured voltage input exceeds the reference 
The positive 
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To INVERTERS 
vo l t age  input.  
of 200 nsec. 
vol tage which i s  equal i n  magnitude but  opposi te  i n  s i g n  t o  the  c e l l  
vol tage.  
The ampl i f i e r  output is  p o s i t i v e  when t h e  magnitude of t he  r e fe rence  
vol tage i s  g r e a t e r  than the  c e l l  voltage. 
when the rnagnitude of the  reference i s  smaller  than t h e  c e l l  vo l tage .  
4.7 v o l t  zener diode on the output adap t s  the a m p l i f i e r  output t o  t h e  
necessary  log ic  l eve l s .  
Task 3 shown i n  Figure 3-7, t h e  voltage l e v e l  sensors  a r e  shown a t  the  
l e f t ,  and the  o t h e r  func t ions  a r e  labe led  a c r o s s  the  top and bottom of t h e  
diagram. 
The r i s e  and f a l l  t i m e s  f o r  t he  output a r e  on the  o rde r  
The c e l l  vo l t age  t o  be measured i s  compared t o  a r e fe rence  
These vo l t ages  a r e  summed a t  the  i n v e r t i n g  input  t o  the  ampl i f ie r .  
The a m p l i f i e r  output is  negat ive 
A 
Referring now t o  the  complete log ic  diagram f o r  
The i n v e r t e r s  ( a c t u a l l y  1 input NAND ga tes )  fed by the  l e v e l  sensor  
ou tpu t s  a r e  used t o  provide the  cor rec t  phase of the  l e v e l  sensor output  
and a l s o  reduce the  f a l l  time of the output s i g n a l s  t o - 5 0  nsec as re -  
qu i r ed  by the  logic .  The output of each l e v e l  sensor is used t o  t r i g g e r  
a monostable mul t iv ib ra to r .  The monostable v i b r a t o r  produces a pu l se  t o  
t r i g g e r  the  b i n a r y  counter.  The output of each monostable is connected 
t o  a negat ive log ic  NOR ga te  i n  such a way t h a t  an  output pu l se  from any 
monostable produces an output pulse from the NOR. 
The b ina ry  counter  is used to  count t he  number of s i g n a l s  received 
from the  l e v e l  sensors  and timing c i r c u i t s  and thereby keep t r a c k  of t h e  
t e s t s  during the  course of the t e s t  program. 
z e r o  a t  the  start of t he  program. 
a switch which p l a c e s  a 00001 i n  the  counter.  
t h e  program w i l l  be i n i t i a t e d  by the  complet ion-of- tes t  pulse  from Task 2. 
Any time a l e v e l  sensor  i n d i c a t e s  t h a t  t he  c e l l  has reached the  p r e s e t  
The counter is  r e s e t  t o  
The program is  manually s t a r t e d  wi th  
I n  the f i n a l  breadboard, 
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level ,  another  count i s  added t o  the counter.  
c i r c u i t s  produces an i n d i c a t i o n  of t h e  completion of an elapsed time period, 
the counter advances one count. Therefore, t he  b ina ry  number p re sen t  i n  
the  counter a t  any given time uniquely desc r ibes  the  t e s t  t h a t  should be 
i n  progress .  
When one of the  timing 
The number i n  the  counter i s  used t o  c o n t r o l  the t e s t  sequence by 
decoding i t  i n  a mat r ix  decoder composed of 5 F a i r c h i l d  9301 1 of 10 
decoders. 
i n  t he  counter, a p a r t i c u l a r  output of the  decoder i s  ac t iva ted .  When the  
counter  proceeds from b ina ry  zero  t o  b ina ry  32, t he  32 outputs  of the 
decoder a r e  s e r i a l l y  a c t i v a t e d  with only  one a c t i v a t e d  a t  a time. A t a b l e  
of t he  t e s t  s t e p s  i n i t i a t e d  by the  va r ious  b ina ry  inputs  t o  the  mat r ix  
decoder is given i n  Table 3-1. 
This mat r ix  has 32 outputs .  When a p a r t i c u l a r  number is  p resen t  
Each t e s t  func t ion  is  assigned a negat ive log ic  NOR gate .  This ga te  
produces an output s igna l  whenever any one of the  inputs  i s  ac t iva t ed .  
By connecting the  proper decoder output t o  the  proper NOR gate,  t he  t e s t  
sequence i s  es tab l i shed .  For example, t he  f i r s t  t h ree  ou tpu t s  of the  de- 
coder are connected t o  the shallow charge, deep discharge and deep charge 
NOR gate. 
number 2 a deep discharge and b ina ry  number 3 a deep charge. 
Th i s  means t h a t  binary number 1 w i l l  be a shallow charge, b ina ry  
Each NOR g a t e  a c t i v a t e s  a r e l a y  through a r e l a y  d r i v e r  c i r c u i t .  The 
c o n t a c t  c losure  on the  r e l a y  a c t i v a t e s  a s p e c i f i c  c e l l  test .  A 20 second 
time de lay  i s  b u i l t  i n t o  each re lay  d r i v e r  so t h a t  20 seconds e l a p s e s  be- 
tween t h e  a c t i v a t i o n  of the  NOR gate and the  contac t  c losures .  
t h e  t e s t  c e l l  a recovery per iod in which the  open c i r c u i t  c e l l  vo l t age  
can be measured. 
This g ives  
I 
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Table 3 1  Test S t e p s  I n i t i a t e d  by Various Binary Counts 
a t  Input  of Matrix Decoder 
Binary Count 
00000 
0000 1 
00010 
00011 
00 100 
00101 
00110 
00111 
01000 
01001 
0 10 10 
01011 
01100 
01101 
01110 
01111 
10000 
10001 
100 10 
10011 
10100 
Z O l O l  
10110 
60 
Test SteE 
Res e t-None 
Shallow Charge 
Deep Discharge 
Deep Charge 
P o l a r i z a t i o n  Discharge 
P o l a r i z a t i o n  
Shallow Charge 
Shallow Discharge 
Shallow Charge 
Shallow Discharge 
Shallow Charge 
Shallow Discharge 
Shallow Charge 
Shallow Discharge 
Shallow Charge 
Shallow Discharge 
Shallow Charge 
P o l a r i z a t i o n  Discharge 
P o l a r i z a t i o n  
Shallow Charge 
Deep Discharge 
Deep Charge 
Finish-End of Test Signal  
The shallow discharge and p o l a r i z a t i o n  discharge s t e p s  are both con- 
The shallow charge s t a n t  cu r ren t  discharges t h a t  proceed f o r  30 minutes. 
ra te  has a t i m e  ove r r ide  of 60minutes.  
c l o c k  necessary.  
These timed sequences make a 
The clock which is  shown a t  the upper r i g h t  is an a s t a b l e  m u l t i v i b r a t o r  
ope ra t ing  a t  10 Hz. Three in t eg ra t ed  c i r c u i t  frequency d i v i d e r s  with a 
d i v i s i o n  of 600 a r e  used t o  provide an output  w i th  one count pe r  minute. 
Two timing c i r c u i t s  are provided. One has a frequency d i v i s i o n  of  30 t o  
provide an output pulse  a f t e r  an elapsed t i m e  of 30 minutes and the  o t h e r  
has a frequency d i v i s i o n  of 60 t o  provide an output pu l se  a f t e r  60 minutes 
when fed by the  clock. The clock is connected t o  t h e  two timing c i r c u i t s  
through two NAND gates .  Activating the  input  t o  the  NAND gate,  g a t e s  t h e  
c l o c k  s i g n a l  i n t o  i t s  respect ive timing c i r c u i t .  Af t e r  t he  s p e c i f i c  30 
or 60 minute delay, an output pu l se  from t h e  t i m e  c i r c u i t  (through a n  OR 
funct ion)  t r i g g e r s  t h e  b i n a r y  counter t o  the  next count and the next t e s t .  
The inpu t s  t o  the  60 minute NAND ga tea re  connected t o  t h e  output of t he  
shallow charge NOR. 
OR funct ion which i s  ac tua ted  by an output s i g n a l  from e i t h e r  t h e  shallow 
discharge NOR o r  t h e  p o l a r i z a t i o n  discharge NOR. 
The input to  t h e  30 minute NAND is derived from and 
Most of t he  in t eg ra t ed  c i r c u i t s  used are manufactured by S i g n e t i c s  
Corp. though a few F a i r c h i l d  and Texas Instruments u n i t s  are used. The 
S i g n e t i c s  u n i t s  a r e  pa‘rt of t h e i r  S8OOOJ s e r i e s  and a l l  a r e  compatable. 
A list o’f t he  devices  used is given i n  Table 3-2. 
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Table 3-2 Integrated Circuit Logic Units 
Manufacture Quan t it y 2 Y E  Function 
Signet ics 4 
2 
1 
2 
4 
1 
1 
2 
Fairchild 3 
4 
Texas Instruments 2 
2 
S8162J 
S8280J 
S8281J 
S8440J 
S8808J 
S8816J 
S8826J 
S8880J 
709 
9301 
SN7490N 
SN7492N 
Monost able 
Decade Counter 
Binary Counter 
AND-OR-INVERT Gates 
NAND Gate 
NAND Gate 
J-K Binary 
NAND Gate 
Operational Amplifier 
1 of i0 Decoder 
Decade Counter 
Divide by 12 Counter 
These units are designed for the temperature range from -55OC to +125OC. 
In addition, the Signetics units are tested on a 100% basis for thermal shock 
and to 30,000 g in a centrifuge test. 
3.3.3 Results and Status 
The sequential test logic described above has been built on a pre- 
liminary breadboard and is operating satisfactorily. The power dissipation 
is on the order of 2 . 5  watts not including a relay which requires 225 mw. 
The logic is relatively insensitive to noise when it is unshielded and open 
on a bench top. It is somewhat susceptible to strong local field such as 
those produced by an electric drill operating within a few inches of the 
circuit and on the same power line. This is considered to be a rather 
severe noise source. The circuits are presently being incorporated into 
a shielded box in order to increase the noise imunity. 
The voltage ramp generator and discharge current control circuitry 
has been used with Task 3 cells with satisfactory results. As soon as the 
noise immunity tests are compieced, the logic, discharge circuits and charge 
circuits will be combined so that a complete sequence of tests can be made 
on Task 3 cells automatically. 
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3.4  Conclusions 
The control systems for Tasks 1 and 3 and the switching logic for Task 
3 have been built and separately tested. 
design specifications. 
not yet been operated together but this should be accomplished by June 1. 
All have been operated to their 
The Task 3 control system and switching logic have 
The logic for Task 1 should be quite similar to the logic for Task 3 
except that it will be much simplier since there are fewer specific test 
functions in Task 1. The logic for Task 2 should be similar also but the 
requirements are less clear at this time. 
There will also be logic and switching involved in the changing of 
test cells in all tasks as well as changing the tasks themselves. This 
logic will be similar to the Task 3 logic and use primarily the same types 
of components. 
3 . 5  Recommendat ions 
The major design work that remains to be done is the logic involved 
with the Task 2 test. 
The tape recorder control will also be designed during the next quarter. 
This will be reported in the next quarterly report. 
An important item which will be covered during the next quarter is 
a failure analysis of the test cells and the various circuits so that 
appropriate steps can be taken to design fail safe features into the 
breadboard. 
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4.0 Tape Recorder S e l e c t i o n  
4.1 In t roduc t ion  
An e s s e n t i a l  p a r t  of the  breadboard u n i t  f o r  the  Reduced Grav i ty  Bat tery 
Test  Program is  the  tape recorder .  
space use a r e  expensive instruments, and development of s p e c i a l  t ape  
r eco rde r s  f o r  space use i s  even more so; i n  t he  i n t e r e s t  of economy c e r t a i n  
c o n s t r a i n t s  have Seen imposed on the choice of a tape recorder  f o r  t he  
breadboard. A b a s i c  premise adopted i n  t h i s  program was t o  design the  
breadboard around an e x i s t i n g  model of a f l i g h t  q u a l i f i e d  recorder .  This  
would insure  a minimum of changes when a subsequent f l i g h t  model of the 
breadboard u n i t  w a s  designed and b u i l t .  
a s u i t a b l e  commercial type of tape recorder  w i th  the  breadboard as a 
s u b s t i t u t e  f o r  t he  recorder  t o  be used i n  space f l i g h t .  
because of t he  approximately 5x grea ter  c o s t  of t h e  f l i g h t  q u a l i f i e d  typ’e 
and the  f a c t  that the  breadboard model w i l l  no t  be flown. 
Since tape  r eco rde r s  q u a l i f i e d  f o r  
Another r e s t r i c t i o n  w a s  t o  employ 
This w a s  d e s i r a b l e  
These c o n s t r a i n t s  r equ i r ed  tha t  a commercial q u a l i t y  tape recorder  
be found f o r  t h e  breadboard uni t  which could be used t o  s imulate  t h e  per-  
formance of t h e  f l i g h t  q u a l i f i e d  type. 
I n  order  t o  permit a r a t i o n a l  choice t o  be made, two p a r a l l e l  surveys 
The f i r s t  have been conducted t o  gather  data on a v a i l a b l e  tape  recorders.  
covers  tape  r eco rde r s  f o r  space use and the  second covers  commercial types. 
This  s e c t i o n  r e p o r t s  on the  f indings of these  surveys and makes recommen- 
d a t i o n s  concerning the  tape recorder t o  be purchased f o r  use i n  the  bread- 
board. It a l s o  c o n t a i n s  d e s c r i p t i v e  information and s p e c i f i c a t i o n s  of 
t h e  tape  recorder  which could be employed i n  the  f l i g h t  model. 
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401.1 F l i g h t  Recorder Requirements 
The recording is t o  be made so t h a t  i t  can be r e t r i e v e d  manually a t  
the end of t he  f l i g h t  by an astronaut  t oge the r  wi th  a photographic f i l m  
c a r t r i d g e  used t o  record gas- l iqu id  phase d i s t r i b u t i o n  i n  Task 2 t e s t s .  
It i s  d e s i r a b l e  t h a t  t h e  e n t i r e  tape record ing  be on one r e e l  o r  c a r t r i d g e  
and t h a t  t he  system r e q u i r e  a minimum of a t t e n t i o n  by the  as t ronaut .  
recorder  i s  not r equ i r ed  t o  operate a t  launch but must  withstand t h e  
launch environment. 
t he  zero o r  low g r a v i t y  condi t ions e x i s t i n g  during c o r r e c t i o n s  i n  the  
f l i g h t  path.  
The 
The recording i s  t o  be made only during o r b i t  under 
It is  requ i r ed  t h a t  t h e  e n t i r e  b a t t e r y  test system operate  using a 
m a x i m u m  of 50 watts of power f o r  a l l  operat ions.  It i s  d e s i r a b l e  t h a t  
t h e  tape recorder  use only 10 w a t t s  of power a t  28 v o l t s  dc. 
environmental ope ra t ing  condi t ions a r e  70°F i n  a mixed atmosphere of 
oxygen and n i t rogen  a t  5 p s i .  Final environmental s p e c i f i c a t i o n s  a r e  
n o t  ye t  a v a i l a b l e  f o r  t he  f l i g h t  un i t .  
are t o  be taken as t y p i c a l  of the type of a p p l i c a t i o n  and as guides i n  
spec i fy ing  requirements; 
Basic 
However t h e  following s p e c i f i c a t i o n s  
The system des ign  s h a l l  have t h e  o b j e c t i v e  of meeting the  environ- 
mental requirements as s e t  f o r t h  i n  JPL s p e c i f i c a t i o n  30250B, e n t i t l e d  
Environmental Spec i f ica t ions ,  Mariner C F l i g h t  Equipment," dated March 1 1  
15, 1963, including amendment No. 1 dated October 11, 1963; amendment 
No. 2 dated January 29, 1964 and amendment No. 3 dated Apri l  22, 1964. 
Par t s  and processes  s h a l l  conform t o  requirements s e t  f o r t h  i n  JPL 
s p e c i f i c a t i o n s  30261, e n t i t l e d  "General Spec i f ica t ion ,  Materials,  Processes  
and Hardware Equipment," dated June 7, 1962, including one (1) amendment, 
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20028, e n t i t l e d  "General Spec i f i ca t ion  Terminal Board Fabricat ion,  'I dated 
August 16, 1960, including one (1) amendment and Change B, and zPP2061 PPL, 
e n t i t l e d  "JPL P re fe r r ed  P a r t s  L i s t , "  dated J u l y  1, 1966, including L e t t e r  
Change H= 
4.1.2 Breadboard Unit Recorder Requirements 
This i s  t o  be a commercially ava i lab le  l abora to ry  tape  recorder  pre- 
f e r a b l y  i n  a po r t ab le  or  semi-portable vers ion.  It w i l l  be used only i n  a 
t e r r e s t r i a l  l abo ra to ry  environment and powered by 115 vo l t s ,  60 Hz without 
any l i m i t  on power consumption. A prime cons ide ra t ion  i s  t h a t  i t s  mechanical 
and e l e c t r i c a l  operat ing c h a r a c t e r i s t i c s  should be as f u n c t i o n a l l y  similar 
as p o s s i b l e  t o  those of t he  f l i g h t  recorder .  A recorder  of t h i s  type 
c o s t s -  $10,000 i n  c o n t r a s t  to-$50,000 f o r  a f l i g h t  q u a l i f i e d  type. 
4.1.3 Measurement Requirements 
The th ree  t a s k s  ou t l ined  i n  t he  work statement have determined what 
All required measurements can be made on a parameters a r e  t o  be measured. 
7 channel recorder .  These a r e  shown i n  Table 4-1. 
d i f f e r s  g r e a t l y  from t a s k  t o  t a s k  is the  cur ren t  t o  be measured on the  
charge  and discharge cyc les .  
c i r c u i t  t o  provide-  40 m i l l i v o l t s  a t  t he  maximum permissible  cu r ren t .  
Tasks I1 and I11 w i l l  r e q u i r e  severa l  shunts  t o  cover the  c u r r e n t  ranges. 
The r e fe rence  e l e c t r o d e  on the  c e l l s  i n  Tasks I and I1 r e q u i r e s  a high 
i n p u t  impedance (1 megohm) voltage measuring system but  t h i s  same system 
can be used on Task 111. A l l  vol tage measurements are i n  the  range of 0 
& _  L" 2.Jvoits .  
ambient t o  7OoC. 
of about 200 m i l l i v o l t s .  Channel 5 is  reserved f o r  speed compensation and 
Channel 6 w i l l  record t h e  t e s t  i d e n t i f i c a t i o n .  The t e s t  i d e n t i f i c a t i o n  
The only parameter t h a t  
Proper shunt r e s i s t o r s  w i l l  be used i n  each 
rn Ll=lllp)t:J.dLULF: ------ & --I- measurements will be Izl.2de nVPr the range of 
This w i l l  require  measurement of vo l t ages  i n  the  range 
will be provided by serial binary coding of the task number, cell number, 
and test event. 
Table 4-1 Recorder Measurement Requirements 
Channe 1 Task Requirements 
I11 - I I1 - No. Input Rating Function - 
1 0 to 5V @ 1 MegQ Zn-Zn (ref) Volts 1.2 1.2 2.1 
2 0 to 5V@ 1 MegQ Ag-Zn (ref) Volts 2.2 2.2 
3 0 to 40 mv Current 200 ma 20 ma 15A (max) 
4 0 to 400 mv Temperature Amb X 70C 
5 0 to 5 volt Speed Control X X X 
6 0 to 5 volt Test Coding X X X 
7 0 to 5 volt Spare X X X 
The recording test schedule for each task is summarized in Table 4-2. 
The schedule is still subject to modification and it is presented to show 
the relative duration of each of the tasks and main events in the test tape 
recording program. The short duration tests will be rec0rde.d continuously. 
The longer duration tests will be recorded by sampling measurements taken at 
1 minute intervals. A 10% duty cycle is used for the sampling calculations. 
This allows 6 seconds of equivalent tape time in each sample measurement for 
the start-stabilize-measure-stop function. Thus each sample in the test 
requires 1/10 minute of equivalent tape time. 
4.2 Technical Discussion 
It is the purpose of this section to pre 
67 
ent th technical considerations 
pertinent to the recording requirements of these tests. Reference is made to 
Application Note 89 published by the Hewlett Packard Company titled %Magnetic 
Tape Recording Handbook" for general tape recording information. 
Table 4-2 Recording Test Schedule Summary 
Event 
Calibration 
Charge Cycles 
Discharge Cycles 
Polarization Meas. 
Capacity Meas. 
Lim. Cur. Dens. Vert. 8 
Lim. Cur. Dens. Horz. 11 
-
10 
360 
10 
Task I Task I1 Task I11 
Minutes Samples Minutes Samples Minutes 
1 1 1 
1260 1035 
120 210 
~~ 
Total, Per Cell 20 1380 11 1605 11 
No. of Cells 6 2 2 6 6 
Total 120 2760 22 9630 66 
Equivalent Minutes 120 2 76 22 963 66 
Total Tape Time = 1447 Minutes (241 hours) 
Of the three basic recording methods; direct, frequency modulation (FM), 
and digital; the FM method has been selected fa: these measurements. Direct 
recording is not applicable to d-c measurements,and digital recording while 
applicable, is considerably more expensive than FM. 
1/2 inch tape fits well with the data requirements listed in Table 4-1. 
Channels 1-4 are used to record the measurands and therefore require more 
accurate electronics than Channels 5-7 in which the signal magnitude is not 
of prime importance. 
A 7 channel recorder using 
The test schedule in Table 4-2 when run on a continuous basis will require 
210 hours or approximately 8.5 days. Such long duration tests logically require 
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t h e  sampling method which reduced the  equiva len t  tape  time requi red  t o  24.1 
hours.  
i s  1 7 /8  inches per  second ( i p s )  which is equal t o  1.75 hours per 1000 f e e t  
of tape.  This  would r equ i r e  13,000 f e e t  of tape f o r  the  complete schedule. 
A t  t he  15/16 ips .  speed a v a i l a b l e  on s p e c i a l  o rder  on some recorders ,  t h e  
requirements a r e  6500 f e e t .  This  compares t o  a t y p i c a l  tape capac i ty  f o r  
a f l i g h t  q u a l i f i e d  recorder  of 500 f e e t .  
c a p a c i t i e s ,  lower tape speeds must be employed. 
f i t s  t he  needs of  t h i s  appl ica t ion .  
The lowest tape speed normally a v a i l a b l e  on labora tory  r eco rde r s  
Thus t o  s t a y  wi th in  a v a i l a b l e  tape  
A tape speed of”’O.1 i p s  
The p r i n c i p l e  reason why most f l i g h t  r eco rde r s  a r e  l imi t ed  t o  a few 
hundred f e e t  of tape c a p a c i t y  i s  that t h e  l a r g e  shock and v i b r a t i o n  f o r c e s  
t o  which they  are subjec ted  pres.ent desigti problems on l a r g e  heavy reels. a 
Another reason i s  that most recorders  a r e  designed only f o r  o r b i t a l  t ape  
capac i ty ,  and t h e  t ape  is an endless  loop which i s  te lemetered t o  ground 
s t a t i o n s  and erased once every o rb i t .  The maximum f l i g h t  recorder  tape 
supply found i n  t h e  survey was  1750 f e e t  and t h a t  was on a recorder  no t  
s u i t e d  t o  t h e  app l i ca t ion .  
It is important i n  FM recording t h a t  t h e  c a r r i e r  frequency have a 
f i x e d  r e l a t i o n s h i p  t o  t h e  tape speed. 
Group) s tandards  a r e  s t a t e d  i n  the Appl ica t ion  Note 89 previous ly  c i t e d  on 
page 2-8. Table 4-3 provides  an  ex t r apo la t ion  of these  va lues  t o  the  
low tape  speeds needed i n  t h i s  appl ica t ion .  When these  s tandards a r e  
followed, it i s  poss ib l e  t o  reproduce an FM recording made a t  one tape 
speed e.g. 0.06 i p s  a t  a higher  speed such a s  1 7/8 i p s  e i t h e r  on the  same 
reco rde r  o r  another  FM recorder  without using s p e c i a l  e l e c t r o n i c s .  
The I R I G  ( I n t e r  Range Ins t rumenta t ion  
The main pena l ty  paid f o r  use of t he  lower tape speeds i s  the lower 
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frequency response obtained. However i n  t h e  present  a p p l i c a t i o n  a l l  d a t a  
recorded is e s s e n t i a l l y  DC so that the  frequency response l i s t e d  i n  Table 
4-3 f o r  even the  lowest tape speed would be adequate. 
An advantage of FM record ing  is  t h a t  is is r e a d i l y  adaptable  t o  an 
analog readout of t h e  test r e s u l t s  f o r  a v i s u a l  ana lys i s .  
reproduced i n  analog form on a multi-channel s t r i p  chart recorder .  
c h a r t  speed of the  s t r i p  c h a r t  recorder can be operated a t  whatever speed 
i s  appropr i a t e  f o r  t h e  reproduce speed se l ec t ed  on t h e  FM recorder .  This  
provides  a wide choice i n  t h e  time s c a l e  s e l e c t e d  f o r  t h e  analog 
p resen ta t  ion. 
It can be 
The 
Table 4-3 Single-Carr ier  and Wideband Fh Record Parameters 
Re 1 a t  i ve  C a r r i e r  Modulation Tape Speed 
Low Band (ips) Speed Factor  Center F (Hz) Frequency (Hz) 
3 314 62.5 3375 DC-625 
1 718 31.2 1688 DC-313 
15/16 15.6 844 DC-156 
15/32 7.8 42 2 DC-78 
0.1 1.7 90 DC- 17 
151160 1.6 84.4 DC-16 
0.06 1.0 54 DC- 10  
0.03 0.5 27  DC-5 
By way of con t r a s t ,  it i s  worth cons ider ing  b r i e f l y  the  c h a r a c t e r i s t i c s  
of a n  incremental  d i g i t a l  t ape  recorder.  
converted t o  b inary  code which i s  then recorded i n  s e r i a l  fashion on tape.  
ic is e s s e n t i a l l y  a sampling o r  conmutating system ai though sampling r a t e s  
can be q u i t e  high, and a very la rge  number of v a r i a b l e s  can be recorded on 
a s i n g l e  channel i n  sequence. 
I n  t h i s  type, a l l  input  da t a  is 
This type of recorder  is very e f f i c i e n t  
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regarding tape u t i l i z a t i o n  s i n c e  tape t r anspor t  occurs  only during t h e  
recording of a d a t a  word. With a s u i t a b l e  choice of format, such t apes  
can be made computer compatable, t h a t  is  they  can be read d i r e c t l y  i n t o  
a computer program f o r  da t a  processing. This  i s  p a r t i c u l a r l y  advantageous 
where much da ta  i s  being handled and c a l c u l a t i o n s  o r  c o r r e c t i o n s  a r e  t o  be 
made on the  recorded data. 
p l o t t i n g  r o u t i n e s  would have t o  be programmed i n t o  t h e  computer. 
To obta in  an analog p l o t  from the  data,  s u i t a b l e  
I n  t h e  present  appl ica t ion ,  the small  number of va r i ab le s ,  t he  low 
frequency response requirements, and t h e  requirements f o r  analog output 
p r e s e n t a t i o n s  aga ins t  a time scale do not r ep resen t  a good f i t  wi th  the  
characteristics of an incremental  d i g i t a l  recorder .  
of t h e  c a p a b i l i t i e s  of such an instrument would be u t i l i z e d  and t h e  c o s t  
would be s i g n i f i c a n t l y  h igher  than t h e  sampled FM system. 
becomes apparent l a t e r  t h a t  a s u i t a b l e  d i g i t a l  recorder  could be time 
shared wi th  o the r  experiments during the  f l i g h t ,  i t  may be worth r e -  
examining the  recorder  choice made here.  
Only a small f r a c t i o n  
However, i f  i t  
The main reason f o r  sampled recording i n  t h e  breadboard unit is  t o  
s imula te  f l i g h t  recording condi t ions  and t h e i r  reproduce requirements.  
A two second s t a b i l i z e d  measurement "on" time recorded a t  0.06 i p s  would be 
a 2 /31  second "on" time when reproduced a t  1 7/8 ips .  
Any c r i t i c a l l y  damped multi-channel s t r i p  c h a r t  recorder  having a frequency 
response of 40 Hz o r  more would be s a t i s f a c t o r y  f o r  use a t  speeds up t o  
3 3 /4  ips .  Figure 4-1 shows a r ep resen ta t ive  bar  graph curve p l o t  such 
as t h a t  which would be obtained from a sampled recording reproduced a t  a 
cont inuous speed. The t i m e  a x i s  is a func t ion  of t ape  speed and c h a r t  speed. 
Speed s e t t i n g s  can be made such that the  b a r s  merge i n t o  a s o l i d  block of 
(See Table 4-3). 
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t he  pen c o l o r  and t h e  curve i s  t he  c h a r t - i n k  demarcation l i n e .  
Figure 4-2 i s  a func t iona l  diagram of  t h e  reproduce system f o r  a 
sampled o r  continuous recording. 
of t h e  FM record - reproduce equipment. Speed compensation may no t  be 
r equ i r ed  b u t  t h e  s teady frequency recorded on Channel 5 can be used i f  
required.  
The reproduce e l e c t r o n i c s  are o f t e n  p a r t  
The sampling switch would b e  used only on t h e  sampled recordings.  
4.3 Recorder Survey 
An extensive survey was made of space q u a l i f i e d  and c m e r c i a l l y  
a v a i l a b l e  r eco rde r s  f o r  both the f l i g h t  and breadboard a p p l i c a t i o n s  i n  
both FM and d i g i t a l  vers ions.  Manufacturers a c t u a l l y  surveyed f o r  t h e  
breadboard u n i t  recorder  were: 
A & D D a t a  Systems, Inc. *Geo Space Corporation 
Ampex Corporation 
;kAstro Science 
H e w l e t t  Packard Company 
%each Corporation 
Beckman Instruments *Lockheed E l e c t r o n i c s  
Consol i d a t  ed E lec t r o  Dynamics 
Corp. Parsons E lec t ron ic s  Company 
Dig i  Data Corporation 
Fairchild-Winston Company *Sanders Associates  
Geotech-Teledyne Company Sangamo Electric Company 
P r e c i s i o n  Instruments Company 
Those marked with an a s t e r i s k  were also surveyed f o r  t h e i r  f l i g h t  
recorders .  I n  addi t ion,  Cook Electric Company and Kinelogic Corporation 
were surveyed f o r  f l i g h t  recorders.  
of  fou r  r e c o r d e r s  represent ing fou r  d i f f e r e n t  c a t e g o r i e s  of l abora to ry  t f le  
magnetic t ape  recorders .  The low speed FM reco rde r  l i s t e d i s  t h e  b e s t  
surveyed i n  t h a t  category. The p o r t a b l e  FM r eco rde r  i s  r e p r e s e n t a t i v e  
of t h e  b e s t  surveyed i n  t h a t  category. 
Table 4-4 s u m a r i z e s  t h e  c h a r a c t e r i s t i c s  
The semi-portable FM r eco rde r  
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i s  r e p r e s e n t a t i v e  of t h e  type made by s e v e r a l  manufacturers such as Ampex 
Corp., H e w l e t t  Packard Company and Sangamo Electr ic  Company i n  a d d i t i o n  t o  
t h e  Consolidated E l e c t r o  Dynamics Corp. model l i s t e d .  
Table 4-5 summarizes t h e  s p e c i f i c a t i o n s  on t h e  two b a s i c  types of 
recorders  app l i cab le  t o  f l i g h t  conditions.  
Cook Electr ic  operates  a t  t he  same speed (0.06 i p s )  a s  t h e  Geotech Model 
17373 and has  very s imilar  FM e l e c t r o n i c  c h a r a c t e r i s t i c s .  The Cook E l e c t r i c  
FM min ia tu re  recorder  has t h e  FM carrier frequency recorded i n  one channel 
s o  t h a t  speed compensation f o r  f l u t t e r  c o r r e c t i o n  i s  a v a i l a b l e .  Their  
recommended reproduction u n i t  i s  the  P r e c i s i o n  Tape Recorder Model PS-207A 
a t  3.75 ip s .  
compensated reproductions.  
The FM min ia tu re  model made by 
A s i g n a l / n o i s e  r a t i o  of more than 35 db i s  a v a i l a b l e  on 
The d i g i t a l  recorder  l i s t e d  i s  a s p e c i a l  s t a r t - s t o p  Kinelogic model 
f o r  t h i s  a p p l i c a t i o n  t h a t  would be housed i n  t h e i r  RSL case.  
r eco rd ing  t i m e  required p resen t s  similar procurement l i m i t a t i o n s  i n  both 
t h e  FM and d i g i t a l  recording methods. 
The long 
4.4 Summary 
The a n a l y s i s  of t h e  magnetic tape recorder  requirements f o r  t h e  
Reduced Gravi ty  Ba t t e ry  Test Program i n  r e l a t i o n  t o  t h e  survey of commercially 
a v a i l a b l e  recorders  i s  summarized in  t h e  following s ta tements .  
a) A major cons ide ra t ion  i n  the f l i g h t  recorder  is  t h e  long d u r a t i o n  
(8.5 days) of t h e  test and t h e  proper use  of t h e  a v a i l a b l e  re- 
co rde r  t ape  supply t o  accommodate t h e  t es t  program. It has been 
shown t h a t  a combintitioii of c~ritfririioii~ i i d  ~aiiipled iiiea~ur~:ent~ 
can provide t h e  test information and t h a t  s u i t a b l e  FM and d i g i t a l  
f l i g h t  recorders  a r e  commercially ava i l ab le .  
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Table 4-5 Summary of Flight Recorder Characteristics 
Item 
Size (in,) 
Weight (lb.) 
Channels 
Power (watts) 
Speed (ips) 
Tape Cap. (ft.) 
Bit Capacity 
Record Time (hr.) 
Start (s ec *) 
Speed Acc. (%) 
Linearity (x) 
S/N Ratio (db) 
Signal Volts 
Freq, Mod. 
Cook Electric 
FM Miniature 
8 x 11 x 2.25 
5 
Digital 
Kinelogic 
Model RSL(spec.) 
6 x 5 ~ 5  
5.5 
7 5 
3 6 
0.06 4 
580 
400 actual 
4800 equiv.storage 
8 2.9 x 10 
29 50 max. 
0.1 0.1 
1.0 0.5 
0.75 
2 5* 
hithout speed compensation 
0-04 0.05 
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b) FM recording p resen t s  t h e  most economical v i s u a l  analog readout 
p o s s i b i l i t i e s  and it  i s  a v a i l a b l e  i n  a space f l i g h t  proven u n i t .  
The advantages of  d i g i t a l  recording could not  be f u l l y  u t i l i z e d  with 
t h e  modest da t a  c a p a c i t y  requirements of t h i s  program alone.  
i t  may be worth consider ing i f  a d i g i t a l  recorder  could be t i m e  
shared wi th  o t h e r  experiments i n  space. Use of d i g i t a l  recording 
r equ i r e s  computer processing of d a t a  and s u i t a b l e  computer programs 
f o r  p l o t t i n g  t h e  r e s u l t s .  
A commercial FM recorder  i s  a v a i l a b l e  f o r  t h e  breadboard test  u n i t  
t h a t  i s  compatable i n  t ape  speed and FM e l e c t r o n i c s  w i t h  t h a t  
r equ i r ed  f o r  t h e  f l i g h t  recorder.  It a l s o  has a t a p e  supply t h a t  
w i l l  accommodate the  e n t i r e  breadboard test  program on a continuous 
measurement b a s i s  when i t  is  required.  
c) 
However 
d )  
e) A commercial incremental  d i g i t a l  recorder  i s  a v a i l a b l e  t h a t  w i l l  
record t h e  e n t i r e  breadboard test  program. It w i l l  r e q u i r e  t h e  
use  of considerable  " in  house" computer f a c i l i t i e s  and programming 
f o r  a n a l y s i s  of test  r e s u l t s .  
The u s e  of a commercial laboratory recorder  f o r  t h e  breadboard u n i t  
p r e s e n t s  a c o s t  advantage of s e v e r a l  f o l d  over t h e  use  of a 
q u a l i f i e d  f l i g h t  recorder.  
f )  
4.5 Conclusions and Recommendation 
The FM magnetic t ape  recorder  when used i n  t h e  combination of continuous 
and sampled measurement recording f u l f i l l s  a l l  t he  t a s k  requirements a t  t h e  
lowest investment c o s t  and r equ i r e s  t h e  l e a s t  a d d i t i o n a l  reproducing equip- 
ment. Compatable low speed E'M t ape  r eco rde r s  a r e  commercially a v a i l a b l e  
f o r  both t h e  breadboard u n i t  and f l i g h t  app l i ca t ion .  It i s  recommended t h a t  t h e  
Geotech Model 17373 magnetic t ape  recorder be obtained and used a s  t h e  recorder  
f o r  t h e  breadboard u n i t ,  
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SECTION 111 - CONCLUSIONS 
The use  of s tepwise cu r ren t  i nc reases  t o  ob ta in  p o l a r i z a t i o n  da ta  on 
t h e  Task 1 c e l l  has given incons is ten t  r e s u l t s  i n  t h e  tests performed. I n  
con t r a s t ,  good r e p e a t a b i l i t y  was  obtained using a c u r r e n t  ramp c i r c u i t  t o  
c o n t r o l  d i scharge  cu r ren t  from the ce l l .  Ana ly t i ca l  and experimental  r e s u l t s  
i n d i c a t e  that  the c u r r e n t  ramp slope i s  an important parameter which must be 
considered i n  t h e  o v e r a l l  experiment design,  Where convection occurs i n  t h e  
cel l ,  use  of too  l a rge  a va lue  of c u r r e n t  ramp s lope  suppresses  t h e  e f f e c t  
of convection which has a c e r t a i n  c h a r a c t e r i s t i c  t i m e  response. 
As a r e s u l t  of explor ing the e f f e c t  of ramp s l o p e  on l i m i t i n g  c u r r e n t  
d e n s i t y  (LCD) va lues  us ing  c e l l  o r i e n t a t i o n s  where convection was e i t h e r  
favored o r  suppressed, i t  appears t h a t  most information would be obtained 
from an experiment where two d i f f e r e n t  ramp slopes were used. One va lue  
being used f o r  1 g tests, and the second o r  lower va lue  being-used f o r  t h e  
0-g test. 
matching t h e  discharged capac i ty  of e lec t rodes  i n  t h e  two tests.  
Such an arrangement has t h e  added advantage of permi t t ing  
A t  present ,  because of some minor equipment l imi t a t ions ,  w e  have not  
covered t h e  f u l l  range of cur ren t  ramp s lopes  of i n t e r e s t  f o r  t h e  two c e l l  
o r i e n t a t i o n s .  
of t h e  a n a l y t i c a l  p red ic t ions .  I n  p a r t i c u l a r  more experimental  work i s  
r equ i r ed  us ing  a ho r i zon ta l  e lec t rode  s imula t ing  the zero g r a v i t y  condi t ion.  
Therefore, w e  do not have complete experimental  v e r i f i c a t i o n  
I n  t h e  Task 3 t e s t i n g  of commercial Ag-Zn b a t t e r i e s ,  i t  i s  concluded 
tha t  a 5 AH capac i ty  i s  the  l a rges t  t h a t  can be handled wi th in  t h e  power 
r e s t r i c t i o n s  being observed fo r  the breadboard. 
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The Yardney HR5-DC-7A has been s e l e c t e d  a s  t h e  commercial c e l l  t o  be 
t e s t e d  i n  t h i s  experiment. 
charge-discharge test  us ing  a 35% depth of discharge.  
a smaller loss i n  capac i ty  than would be d e s i r a b l e  i n  t h e  experiment and f u t u r e  
t e s t i n g  w i l l  be done a t  h ighe r  depth of discharge.  
made a t  t h e  beginning of t h e  t e s t  sequence t o  measure ce l l  capac i ty  was done 
a t  too low a discharge ra te  with the  r e s u l t  t h a t  t h e  apparent capac i ty  
measurements exceeded t h e  r a t i n g  of t h e  c e l l  by a f a c t o r  of approximately 2. 
I n  f u t u r e  tests of t h i s  type a higher d i scha rge  r a t e  w i l l  be employed. 
This ba t t e ry  has been subjected t o  a c y c l i c  
These tests showed 
An i n i t i a l  deep discharge 
Another d e f e c t  uncovered i n  t h i s  f i r s t  t es t  sequence was t h e  inadequacy 
of a p o l a r i z a t i o n  test on t h i s  type of b a t t e r y  when t h e  c u r r e n t  was l imi t ed  
t o  10 amps max. Tests t o  t h i s  cu r ren t  l e v e l  were i n s e n s i t i v e  t o  any changes 
which occurred i n  t h e  cel l .  
15 amps i n  hopes of r a i s i n g  t h e  s e n s i t i v i t y  of t he  p o l a r i z a t i o n  t e s t  a s  an 
i n d i c a t o r  of ce l l  damage. 
I n  f u t u r e  tests, w e  i n t end  t o  r a i s e  t h e  l i m i t  t o  
As a r e s u l t  of a n  i n v e s t i g a t i o n  of switching method a l t e r n a t i v e s  i t  
i s  concluded t h a t  a system using a v a i l a b l e  d i g i t a l  i n t e g r a t e d  c i r c u i t  l o g i c  
components combined wi th  r e l a y s  f o r  handling c u r r e n t  o f f e r s  t h e  advantages 
of r e l i a b i l i t y ,  l i g h t  weight and power consumption, and f l e x i b i l i t y  i n  t h e  
programming of experiments. 
proposed has  t h e  advantage of " b u i l t  in" test  codes which can be r e a d i l y  
recorded on t a p e  along with ce l l  data f o r  t e s t  i d e n t i f i c a t i o n  purposes. 
bench top model of both t h e  l o g i c  c i r c u i t s  and t h e  test  c o n t r o l  c i r c u i t s  f o r  
T s r t  3 has beer? built and successfully t e s t e d .  These c i r c u i t s  a r e  representa-  
t i v e  of t hose  needed i n  the  o t h e r  tasks  a l s o .  
Addit ional ly  a d i g i t a l  system of t h e  type 
A 
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A survey of a v a i l a b l e  tape recorders  both f o r  f l i g h t  use and f o r  use 
with the breadboard i n d i c a t e s  t h a t  a seven channel F.M. system with low t ape  
speed (0.06 i p s )  operated i n t e r m i t t a n t l y  b e s t  s u i t s  t h e  needs of t h i s  test 
series. S u i t a b l e  models of this t y p e  of recorder  a r e  a v a i l a b l e  f o r  f l i g h t  
use, a s  w e l l  as a commercial vers ion s u i t a b l e  f o r  u se  i n  t h e  breadboard model. 
The latter,  Geotech Model 17373, has adequate t ape  c a p a c i t y  f o r  continuous 
recording i f  t h i s  should become des i r ab le .  
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SECTION I V  - RECOMMENDATIONS 
I n  t h e  tests of t h e  research c e l l  i n  Task 1 it i s  recommended t h a t  
l i m i t i n g  c u r r e n t  d e n s i t y  be measured using t h e  c u r r e n t  ramp approach, and 
t h a t  ramp s l o p e  be adjusted f o r  tes ts  a t  0 and 1-g t o  y i e l d  approximately 
t h e  same discharge depth of t h e  anode a t  t h e  l i m i t i n g  c u r r e n t  densi ty .  
I n  t h e  Task 3 experiment, i t  i s  recommended t h a t  f u r t h e r  t e s t i n g  be 
de fe r r ed  u n t i l  a bench top  model of t h e  l o g i c  and c o n t r o l  c i r c u i t s  i s  
completed. 
i n g  of  t h e  c i r c u i t s .  
of  d i scha rge  i n  t h e  c y c l i c  charge-discharge po r t ion  of t h e  t e s t  i n  an e f f o r t  
t o  i n c r e a s e  t h e  loss of c a p a c i t y  to  approximately 30%. 
t h e  i n i t i a l  tes t  procedure which a r e  recommended include:  
Then f u r t h e r  t e s t i n g  can be done concurrent  with eva lua t ion  test- 
Addit ional  t e s t i n g  should be done using g r e a t e r  depth 
Other changes from 
a. The use of g r e a t e r  cu r ren t  l e v e l s  during t h e  i n i t i a l  and f i n a l  
deep discharge c y c l e  used t o  determine capaci ty .  
The use  of t h e  cu r ren t  ramp approach f o r  measuring p o l a r i z a t i o n  
of t he  ce l l .  
b. 
C. Raising t h e  c u r r e n t  l i m i t  dur ing t h e  p o l a r i z a t i o n  measurement 
from 10 t o  15 amps t o  determine i f  t h i s  w i l l  make t h e  p o l a r i z a t i o n  
measurement more responsive t o  c e l l  degradation. 
It i s  recommended t h a t  t he  logic  and c o n t r o l  system used t o  conduct t h e  
t es t  sequence be designed using a v a i l a b l e  d i g i t a l  i n t e g r a t e d  c i r c u i t s  combined 
w i t h  r e l a y s  t o  accomplish switching where necessary.  
The Geotech model 17373 appears t o  be the  commercial instrumentat ion 
r eco rde r  b e s t  s u i t e d  f o r  t h e  needsof t h e  breadboard model. It i s  recommended 
t h a t  one be purchased f o r  t h i s  p ro jec t .  
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SECTION V - NEW TECHNOLOGY 
There are no "New Technology" i t e m s  t o  be reported a t  t h i s  t i m e .  
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